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A proposed solution

Collecting time series data for Cluster analysis for Identifying Looking into changes of Adjusting the climate
NDVI, rainfall, temperature for ===l upstream watershed el  important el watershed clusters under ===l change adaptation
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1. Overall investigation of
watersheds

Using 30 years remote sensed vegetation data

Reduce the burden on the
management agency by
using watershed clusters as
conservation management
unit

Using watershed clusters as the conservation

2. Conservation management .
management unit

3. Climate change adaptation
strategy in upstream Incorporating with climate change scenarios
watershed
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Matevrials

« 30 years monthly data (1982-2012)
* The Normalized Difference Vegetation Index (NDVI)
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Defining upstream
watersheds 70 watersheds were selected:

, watershed which has its central
River boundary mm) point fall within the river

162 watersheds ==p point covered area — boundary point covered area
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GIMMS NDVI3g

NDVI, rainfall, temperature for TCCIP temperature, rainfall

Collecting time series data for {
upstream watershed
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Collecting time series data for
NDVI, rainfall, temperature for
upstream watershed
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Collecting time series data for
NDVI, rainfall, temperature for
upstream watershed

GIMMS NDVI3g
TCCIP temperature, rainfall

v J’!. .......................................................... FUA /L ATNAAM . ATSAR/ WAR SR WIRR - )
NDVI ' WP

y = 4E-06x + 0.5816
R2 = 0.0206

Jan-82

y = SE-05x + 4.9573
& R? = 0.0008

Rainfall (mm)

RainFaN ) N n '

2 s

Month
| , y = 7E-06x + 18.081
> ANAANAAAAAADAL n A A A nA < - R? #3E05% /
Temperature :.




2001 - '
01-2012 time series data
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HCA coefficients

Cluster analysis for upstream Hierarchical cluster analysis,

watershed NDVI HCA
8
o HCA coefficients change rate (%) —F 100
I ® HCA coefficients 1(22)
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Identifying important driving Redundancy analysis,
factors RDA

Cases : 70 watersheds
Response variable (RV): NDVI
Explanatory variable (EV): Rainfall, Temperature, Slope, Aspect

Compared entities Scaling with focus on RV correlations RV1
RVs vs cases (Fitted) RV values in cases
Cases Vs cases n.a.
RVs vs RVs Linear correlations (covariances) among RVs \
RVs vs EVs Linear correlations between RVs and EVs e
Cases vs EVs Values of EVs
EVsvs EVs Correlations among EVs
Biplot with this scaling is called  Correlation biplot
RV arrows length shows Approximate std. deviation of RV values
EVI RV2 gy EVI EVI
RV1

EV2




Cluster analysis for upstream

Hierarchical cluster analysis,

watershed NDVI HCA
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Cluster analysis for upstream
watershed NDVI

Hierarchical cluster analysis,
HCA
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Cluster analysis for upstream
watershed NDVI

Hierarchical cluster analysis,
HCA
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Identifying important driving

Redundancy analysis,
RDA

Rainfall, Temperature, Slope, Aspect

factors
O' 17040
NDVI  Axisl(%)  Axisland2(%)  Total (%)
@)
JAN 46.72 58.22 58.52
g S 1 g FEB 57.39 63.80 64.51
of | <RESS a0 0,0 oy a2 MAR 60.83 63.97 66.20
n| MAR 107 2201 170201106
E =R 01104 O 1504 APR 42.00 43.74 47.60
< 2603120007 04 0702 ©0102
0 ocT oo C o MAY 5.10 5.96 35.22
o 1002210 215 2500 Oy 0701 o
o z‘iifé%?i‘%ﬁ;% s JUN 19.31 26.68 33.46
0,0, ™ . JUL 48.56 61.10 63.76
B AUG 41.80 58.96 60.19
3 SEP 27.30 38.39 45.12
10 ROAAS 1 L0 OCT 39.20 4131 46.42
RV1 NOV 49.65 50.72 52.08
\ ) DEC 51.05 55.93 56.70
> e Average 40.74 47.40
e /(\.




Identifying important driving Redundancy analysis,  Rainfall, Tempemture, Slope, ASP@Ct
factors RDA

1.0

RDA Axis 2

-1.0

_ Nameofvariable  FBExplains%
Slope 35 Qe
Temp 07 Qkkkk
/::mp Flat 170k
Rain 10.6%%5%
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| | i | ' W 5.8
-1.0 RDA Axis 1 1.0 NW 3’6*
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N 25
RV S § ’
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Mid-Term Summary

. . . 1
« Time series data of NDVI, rainfall, i :
temperature were collected : e [
: | Feb-Mar | :
1
« Cluster analysis results: ! :
| Cluster analysis for upstream Hierarchical cluster analysis, :
» 6 clusters : watershed NDVI 4[HCA 1
i Apr-Jun :
. i | '
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I Slope Aspect Temp Rain :
. f;|()F)Eg i I I I | :
1
| |
¢ Te m pe ratu re i Identifying IEI’Y]pOI’taI’lt driving 77Redundancy analysis, :
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o e R s :
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Identifying important driving Redundancy analysis,
factors RDA
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| Looking into changes of "
watershed clusters under —— RCPE.O

I Sep-Oct climate change scenarios RCP8.5

y

I Adjusting the climate
change adaptation

Climate change ==

scenarios for each cluster

Model: HadGEM2-AO
Scenarios: Temporal coverage (4 seasons)
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| — RCP2.
Looking into changes of REP4 g
watershed clusters under RCPE.0
climate change scenarios RCPS.5
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. — RCP2.
Looking into changes of REM g
watershed clusters under RCPE.0
climate change scenarios RCPS.5

Rain change rate - Cluster 2
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| — RCP2.
Looking into changes of REP4 g
watershed clusters under RCPE.0
climate change scenarios RCPS.5

Rain change rate - Cluster 3

2021-2040 2041-2060

a0

.
30

:
10 I

o -

gy ey v
4

-30

20
10
o
-10

Rainfall change rate (%)

| - -
»I.hl s|m! sumB B | fan

Rainfall change rate (%)

20

30

-a0
-40

50

-60

=l
Lo
& A 0 20 40 80 km

decrease decrease

I Y T I
2061-2080 2081-2100 Legend
N . rcp26 Mrcpd5 Mrcp60 Mrcp85
: B [ e
N N T
" . g, — Mrcp26 Mrcp45> Mrcp60 Mrcp85
%ﬂ-m wi sprl surnl!l!' fall '_-cE : slII immer
% g 0 rcp26 W rcpd5 MWrcp60 Mrcp85

rcp26 Mrcp45 Mrcp60 Mrcp85




| — RCP2.
Looking into changes of REP4 g
watershed clusters under RCPE.0
climate change scenarios RCPS.5

Rain change rate - Cluster 4
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. — RCP2.
Looking into changes of REM g
watershed clusters under RCPE.0
climate change scenarios RCPS.5

Rain change rate - Cluster 5
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| — RCP2.
Looking into changes of REP4 g
watershed clusters under RCPE.0
climate change scenarios RCPS.5

Rain change rate - Cluster &
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Looking into changes of REP4 g
watershed clusters under RCPE.0
climate change scenarios RCPS.5

Temperature - Cluster 1
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Looking into changes of REP4 g
watershed clusters under RCPE.0
climate change scenarios RCPS.5

Temperature - Cluster 2
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| — RCP2.
Looking into changes of REM g
watershed clusters under RCPE.0
climate change scenarios RCPS.5

Temperature - Cluster 3
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| — RCP2.
Looking into changes of REP4 g
watershed clusters under RCPE.0
climate change scenarios RCPS.5

Temperature - Cluster 4
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! — RCP2.
Looking into changes of REP4 g
watershed clusters under RCPE.0

climate change scenarios RCP8.5

Temperature - Cluster S
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| — RCP2.
Looking into changes of REP4 g
watershed clusters under RCPE.0
climate change scenarios RCPS.5

Temperature - Cluster 6
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Looking into changes of
watershed clusters under
climate change scenarios

RCP2.6
RCP4.5
RCP6.0
RCP8.5

Averaged rain change rate
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Looking into changes of ACH&s

watershed clusters under =T Ave rag ed te W\P e Vatu re

RCP6.0

climate change scenarios RCP8.5 Cl’\ange (OC )
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- Looking into changes of ReRed

e —

watershed clusters under w0 Rain change rate - RCP2.6

climate change scenarios RCP8.5

Season
Winter

change (Dec-Feb)
scenario

Climate

2021-2040_RCP26_rain
Winter(Dec-Feb)

2021-2040_RCP26_rain
Spring(Mar-May)

Cluster#3 |

ClustedsS
4

2021-2040_RCP26_rain
Summer(Jun-Aug)

y. b I7
Cluster#3 | 3

rate (%)

- 2 L5
\."lllllﬁ e
ELEEER tetd b QR —_—

Gegse

2021-2040_RCP26_rain
Fall(Sep-Nov)

£

in change rate (%)
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- Looking into changes of EEEZ:E .
watershed clusters under e Raln Cl'\ange rate — RC P4.5
climate change scenarios RCP8.5

Season

Winter ] Fall

Climate
change (Dec-Feb) (Sep-Nov)
scenario

2021-2040_RCP45_rain
Summer(Jun-Aug)

2021-2040_RCP45_rain
Spring(Mar-May)

2021-2040_RCP45_rain
Winter(Dec-Feb)

2021-2040_RCP45_rain
Fall(Sep-Nov) / B

Clusterts TR

Rain change rate (%) s e Rain change rate (%) Rain change rate (%)
= Summer — Fall

/ /
Cluster#2.,3 &4 Cluster#2.&4 Cluster#3
Decreased 36%

R g
N
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- Looking into changes of EEEZ:E .
watershed clusters under w0 Rain change rate — RCP6.0
climate change scenarios RCP8.5

Season

Winter Fall

Climate
change
scenario

(Dec-Feb) (Sep-Nov)

2021-2040_RCPO0_rainy, »=  mmy . 2021-2040_RCP60_rain T 2021-2040_RCP60_rain 2021-2040_RCP60_rain
Wimer(Dec-F;b) ) mﬂ Spring(Mar-May) - — Summer(Jun-Aug) Fall(Sep-Nov) =<7 glus;mtl
Sl e AL N | St nin
4 bt S FAN & ) & 4 f S N
uster#3 e Cluster#3 -
iy N
Cluster# + / Cluster#S.
Cluster#2. ' i ICIu,&ler#Z
\( g ‘\ + i
i N
t%- Y
{ 5 :’ N 6.8 N
s A 0 20 40 80 km

/

Cluster#1&3: increase>decrease
Cluster#2&4 decrease

Cluster#1,28&4 Cluster#1,2
decrease eastern siql ~decrease

-l 1
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- Looking into changes of ReRed

watershed clusters under Egg:g Rai}'\, change V'ate -— RCPS .S

climate change scenarios RCP8.5

Season
Winter Fall

change (Dec-Feb) (Sep-Nov)
scenario

Climate

2021-2040_RCP85_rain
Fall(Sep-Nov)

2021-2040_RCP85_rain 2021-2040_RCP85_rain

. 2021-2040_RCP8S_rain
Winter(Dec-Feb) 1/ Cluster#l Spring(Mar-May)

Summer(Jun-Aug) V<

Cluster#3 * IR el Cluster#3

Cluster#3

Cluster#S

#
/ T

Cluster#2

Cluster /.
&

Winter, Spring, & Summer decrease ,
Especially winter (decrease >50%) Cluster#;—zortkerm.
Winter:Cluster#2,3&4 decrease increase ecreaef'ﬁ .

#2 eastern decrease ‘g
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- Looking into changes of HeRe

watershed clusters under Egig:g T@W\P Cl'\a}’\,ge = Rc P2.. G

climate change scenarios RCP8.5

Season
Winter Fall

change (Dec-Feb) (Sep-Nov)
scenario

Climate

2021-2040_RCP26_temperature 7L
Winter(Dec-Feb)

2021-2040_RCP26_temperature _——

2041-2060_RCP26_temperature -
Spring(Mar-May) o

2021-2040_RCP26_temperature 7~
Summer(Jun-Aug) X

Fall(Sep-Nov)

Chserky Cluster#3 Cluster#3
4] { 4]

Cluster#s &

‘‘‘‘‘

Cluslct{'i:{ d
Q

Temp increase all year round
Winter & Spring: NW to SE
Summer & Fall: Central part increase less
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- Looking into changes of e

watershed clusters under Egig:g TeW\P Change -_— RCP4.5

climate change scenarios RCP8.5

Season

Winter

Climate
change (Dec-Feb)
scenario

2021-2040_RCP45_temperature -
Fall(Sep-Nov) \

2021-2040_RCP45_temperature
Summer(Jun-Aug)

2021-2040_RCP45_temperature 1)
Winter(Dec-Feb) [

2021-2040_RCP45_temperature iy -
Spring(Mar-May) 2k ¢

Cluster#3

Clserky s

Cluster#S &

Temp increase all year round
Winter & Spring: NW to SE
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- Looking into changes of v

watershed clusters under Egig:g T@Mp Cl'\a}’\,ge == RCP6.0

climate change scenarios RCP8.5

Season

Winter Fall

Climate
change (Dec-Feb) (Sep-Nov)
scenario

2021-2040_RCP60_temperature 7.
Fall(Sep-Nov) \\ &

2021-2040_RCP60_temperature -

2021-2040_RCP60_temperature.
Winter(Dec-Feb) J

Summer(Jun-Aug)

Chserky B,

Cluster#5 &
/Z,

Temp increase all year round
Winter & Spring: NW to SE
Summer & Fall: Central part increase less

<
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- Looking into changes of HeRe

watershed clusters under Egig:g T@W\P Cl'\a}’\,ge == RCP8.5

climate change scenarios RCP8.5

Season

Winter Fall

Climate
change (Dec-Feb) (Sep-Nov)
scenario

2021-2040_RCPSS_temperature o 2081-2100_RCPSS_temperature
Winter(Dec-Feb) v Spring(Mar-May)

Clustcx#} =

Cluster#5 & -
Ve

2021-2040_RCPSS_temperature

2021-2040_RCPSS_temperature 7
Summer(Jun-Aug) p

Fall(Sep-Nov)

Temp increase all year round
Winter & Spring: NW to SE




Potential Large-scale collapse disaster

area & potential debris flow stream

Cluster#4

£
v &? AR R R E

N LE 3» X B R ESER
I
e
i N
0 20 40 80 km

AFE BB CTER G H(DT) FAELG H(%) 2 R REREIN(E)
1 2490.43 0.29 323
2 72.18 0.02 195
3 13075.93 1.66 517
4 1920.20 0.89 150
5 0.00 0.00 6
6 2948.90 1.84 142

Total 20507.64 1333

v &Y 7,




o Cluster#1

« On the eastern side of the Central Mountain
Range

« NDVI has positive relationship with rain in spring
and winter

« Inall scenarios, spring & winter will have less rain
and higher temp

« Need to consider soil and water .
conservation especially in spring & winter

o Cluster#2

« On the western side of the island
« 20% decrease in spring rainfall
« 20% of the land belongs to agricultural land

- Watch out for the effects of climate factors
(temp increase, rainfall decrease) on crops
and water resource usage

A e
o

oV




Cluster#3

On the western side of the Central Mountain Range

Spring & winter rainfall has positive relationship with
NDVI

Aug rainfall has a significant negative relationship with
NDVI

Has the largest large-scale collapse disaster area

Needs to improve the slope disaster prevention
especially on W- and N-facing slope

Needs to enhance the coping capability of
large-scale collapse disaster

Temperature increasing trajectory reaches its peak at
2061-2080

Temp increased in summer and fall (but less than other
clusters)

Could be associated with its 75% mixed forest land
cover- inferringsforest is an.important factor in



o Cluster#4

On the west-southern part of the island
with higher % of west-facing slope

70% mixed forest
16% agriculture land

Rainfall projection reduced 20-50% in
winter, spring, and summer

Need to consider the suitability and
impacts of agriculture land on
the hill or mountain edge




« Cluster#5
« 28% irrigated land & 22% crop land
« Decreased winter rain

* Increased temp in spring and winter

« Need to consider the water resources
allocation for agriculture

e Cluster#6

 Larger % of S, and SE-facing slope

 Largest area with potential large-scale
collapse disaster

- Need to enhance the S, and SE-facing
slope disaster prevention work and
also improve the coping capability of
large-scale collapse disaster

I

e

Cluster#3 -~~~




Summary

Time series data of NDVI, rainfall,
temperature were collected

Cluster analysis results:
« 6 clusters

Important driving factors (0.001 sig. level);
« Slope
Temperature

Aspects: flat

NE facing slope
Rainfall

Climate change scenarios for each
cluster

Adaptation strategies for each cluster

Feb-Mar

Apr-Jun

July-Aug

Sep-Oct

Nov-Dec

GIMMS NDVI3g

Collecting time series data for
NDVI, rainfall, temperature for %

TCCIP temperature, rainfa

upstream watershed
Cluster analysis for upstream Hierarchical cluster analys
watershed NDVI HCA
v v 7 v
Slope Aspect Temp Rain
| | ] | |
Identifying important driving 7kRedundancy analysis,
factors |RDA
I [Rep2.6
Looking into changes of Repls
watershed clusters under RCPE.0
climate change scenarios RCPS.5
Adjusting the climate
change adaptation
strategies




Thank you for your listening!



Correlation relationship between NDVI and factors .. . Correlation is significant at the 0.01 level (2-tailed)
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1 & " i>NDVIZ 3L & {os v (988 » )2 Pearsonp B 124 47 = %

Slope | Flat N NE E SE 5 SwW w NW | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Slope 1
Flat | -592" 1
N -101] 091 1
NE | .3987]-3927| -128 1
E 271°| -2737| -6717] 7007 1
SE | .2777| -.2547| -7907| .403"| 888" 1
S .086| .112|.518™| -3627| .007| 318" 1
sw | 078 -091 .229]|.569"| -743" -608"| 343" 1
W | -229] .015| 485™|-635"|-.844"|-802"| -223| 689" 1
NW | -212| -013| 782™|-453"|-810"| -840 -486"| .438™| .849™ 1
Jan | 6387|-428"| 059 .136| -078| -046| -028| 250" .133| .096 1
Feb | 7287 -474 -013] .216] .011] .032] -017] .206] .058] .020| 977 1
Mar | 7657 -4857| -076] o2g17| 111 130 -015| .112| -046| -057| 9267 960~ 1
Apr | 6417] -3587| -102] op37| .115| 154 096] .069] -101] -132| 778"| 8157| 851" 1
May | -172] -162| 363™| -203|_484"|-419"| -023| 471™| 410"| 435~| 545" | 526| 4847 527" 1
Jun 3597 -394 -178| .167| .164| .215| .012| -.005| -.066| -.060| 404™"| .472""| 549”| 605" 568~ 1
Jul | 6757 -5177| -270"| 472"| 4157| 4017 -000| -.151).353"| -275°| 5207 .615"| 6917 .664"| .383"| .844" 1
Aug | 6207 -453"| -209| 5017 4137| 3857 -020| -.187|.404"| -289°| 4307 .528”| 6157 .612"| .409"| .796"| 961" 1
Sep | 4887|-3247| 019] 3217| 111} .108] 041 053] -210| -107| 4517| 5217| 5537 .589”| 6727 .706"| .809”| .883" 1
Oct | 5547 -4277| -031] 3457 193] .218| 024 -054| -215| -143| 674™| 712"| 7257 689"| 586 .5447| 678" | .7197| 785" 1
Nov | .6407|-506"| -035| 239" 050 .086] -042| .116] -016| .027| 908™| .918™| .890"| .769"| .605~ | .517"| .656 | .608"| .632| .863"" 1
Dec | 6687 -476"| 071] .167| -041] .003| -023| .206| .076| .083| 964™| 9597| 9217| .7747| 616"| 4727| 5917| 5307| 5717| .806”| .970™ 1
**_Correlation is significant at the 0.01 level (2-tailed)
*. Correlation is significant at the 0.05 level (2-tailed)
Significant positive correlation
Significant negative correlation
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+ /| IR DL 4 N

> 2 RE LD pang R 2 % § Pearsontp B (4 4 17

Slope cor. Temp and Rai| Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Temp -886"| -8817| -.883""| -.904™"| -918"| -924™"| -919""| -923"| -.924™"| -915""| -909"| -.897"

Rain 3477 3447 317 .3217| 459 147|015 .093] 359™| 322 249°| 277

% 3 %% & & 218 & Pearsonip B (24 47 2 %
R _Jan | R_Feb | R_Mar | R_Apr |[R_May | R Jun | R Jul |R_Aug | R_Sep | R_Oct | R_Nov | R_Dec
T Jan | -470""| -502"| -457""| -367"| -3007| 093] 253" .180| -316™| -.378""| -335""| -.380"
T Feb | -484""| -510"| -461""| -361""| -281°| 121| o78"| .207| _323™| -395""| -352"| -.394""
T Mar | -508""| -518"| -463"| -348""| -273"| 145| 301"| .225| _351""| -425""| -380""| -.420"
T Apr| -460"| -456"| -.404""| -314™| -208°| 110| 239"| .187| _358"| -417""| -353"| -.382""
T May | -.396"| -395"| -355""| -3057| -344""| 039] .157| 119 _334™| -369""| -295°| -.320""
T Jun | -3157| -326""| -303°| -204"| -380""| --039] .062| .038] _po3"| -302°| -218] - 240"
T Jul | -239°| -265"| -257°| -278"| -396""| --091| -007| -020| _p51%| -240°| ~-147| -.165
T Aug | -245"| -262"| -250°| -.269°| -389""| --086] -006| -019| ._2g4"| -254°| -161] -.176
T Sep | -.308"| -296"| -.263"| -244"| -340""| -010| .060] .038| _324™| -329"| -237"| -.249"
T Oct | -410"| -374"| -316™| -241"| -285°| 081 .160]  .116| _303™| -422""| -343"| -.358""
T Nov | -436"| -415"| -355""| -270"| -278°| 099 .199|  .144| _385™| -429™| -350"| -.379"

T Dec | -438""| -448""| -400"| -315"| -284"| 091 .220|  .157| _337"| -387""| -332""| -.364""

**_Correlation is significant at the 0.01 level (2-tailed)

*. Correlation is significant at the 0.05 level (2-tailed)
Significant positive correlation
Significant negative correlation
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