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Adjusting climate change adaptation strategies for
upstream watershed using 30 years remote sensed

data

Abstract

The present project uses remote sensed 30 years long-term vegetation
index data, NDVI, temperature, and rainfall time series data to identify the
natural cluster of the upstream watersheds in Taiwan. Additionally,
Important driving factors are investigated together with climate change
scenarios. Based on the results, the optimal number of groups is 6.
Temperature, rainfall, slope and slope four factors can explain about 52%
of the NDVI variance. Nine important driving factors are identified,
including average slope, temperature, flat slope, northeast-facing slope,
rainfall, east-facing slope, southeast-facing slope, west-facing slope and
northwest-facing slope. Te HadGEM2-AO model was adopted based on its
better fitness with the observed climate pattern in Taiwan. Each watersheds
cluster were analyzed separately based on their spatial and physical
characteristics in four scenarios, namely RCP2.6, RCP4.5, RCP6.0, and
RCP8.5. The first cluster mostly locates on the eastern side of the Central
Mountain Range with the lowest temperature. The first cluster should pay
attention to the effects of climate change on high-altitude species,
vegetation composition of forest belt, competition threat of exotic species,
health maintenance of plantation, and carbon sequestration of whole forest
and ecological function. For the second cluster, 48% of land use is
considered as agricultural land, attentions should be paid to its impact on

the growth of agricultural crops due to temperature increase and rainfall



reduction. Investigation and analysis of the vulnerability of agricultural
land can be carried out as well as Hotspot /vulnerability analysis. At the
same time, farming rotation and drought-resistant crops promotion should
be focused as well as water shortage issues and water resources allocation.
Relevant agricultural natural disaster relief subsidy policy or agricultural
insurance will need to be addressed. The third cluster locates on the
western side of the Central Mountain Range, which is a green belt
protection zone of the Central Mountain Range, and should be connected
in series with green belt protection zones from south to north and east-west
with green belt networks. Additionally, the third cluster has the largest area
of large-scale collapse hazard potential area. Considering its high summer
rainfall, the third cluster must pay special attention to slope erosion and
landslides, strengthening forest management, disaster prevention and
strengthening large-scale collapse crisis resilience. The fourth cluster
locates in the southwestern part of Taiwan, containing a high proportion of
agricultural land on hillsides. The adjustment strategies should pay
attention to the suitability and impact assessment of agricultural land use
on hillsides to avoid soil erosion and environmental pollution caused by
improper use. In addition, for frequent extreme events, suitable strategies
for slope protection and erosion caused by typhoons and short-term heavy
rains should also be provided with proper soil and water conservation
facilities and early warning system development. The fifth cluster is the
Dajia River Catchment, which has a flat topography and high average
temperature and contains about 50% of agricultural land. The adaptation
strategy of the fifth cluster should be focus on the rainfall reduction affect
the use of irrigated agriculture and whether increasing the temperature will
increase water loss and thus the strain on irrigated agriculture and water
resources deployment. The sixth cluster locates on the eastern part of

Taiwan with the highest proportion of large-scale collapse hazard potential
v



area. Therefore, particularly attentions should be paid to the slope
degradation prevention work and to strengthen the resilience of large-scale
collapse of the crisis. In particular, we should analyze the composition and
characteristics of the vegetation in potential areas where the collapse
occurs, so as to get in sight of environmental vulnerability and disaster
resistance, and provide reference for the disaster prevention works of
SWCB.

Keywords: Remote sensing, Natural cluster, Climate change,

Adaptation strategy
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BzF 1 TEREIHAD

2 4 £9 > NDVI2 RDA ¥ - $h~ ¥ 5 - 12 2%,

RDA bR fi i3 22 £
NDVI Axis 1 Axis 1 and 2 Total
JAN 46.72 58.22 58.52
FEB 57.39 63.80 64.51
MAR 60.83 63.97 66.20
APR 42.00 43.74 47.60
MAY 5.10 5.96 35.22
JUN 19.31 26.68 33.46
JUL 48.56 61.10 63.76
AUG 41.80 58.96 60.19
SEP 27.30 38.39 45.12
OCT 39.20 41.31 46.42
NOV 49.65 50.72 52.08
DEC 51.05 55.93 56.70
Average 40.74 47.40 52.48

4 5 & %3 H NDVI $ Henfzf@i 4

Name of variable Explains %
Slope 35.2%***
Temp 27 .8****

Flat 17.2%***
NE 11.2%***
Rain 10.6****
E 5.9%*
SE 5.7*%*
w 5.2%*

NW 3.6*
SW 2.7
N 2.5
S 0.3

****p<0.001; ***p<0.01; **p<0.05; *p<0.10
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HadGEM2-AO #i-;" (Hadley Global Environment Model 2, National
Institute of Meteorological Research, Seoul, South Korea):& {7 & 4 # =%
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Yo T MAH LA HBERE TR pRBRFHFES
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Pearson #p i |4 5

NDVI 23 & frst % (9 filk % )2

& F

Slope | Flat N NE E SE S SW 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 | 27| -2737 671" 7007 1
SE | .277°| -2547) -790"| .403”| 888" 1
s .086| .112(.518"|-362"| .007| 318" 1]
sw | 078 -091] .229|.569"|-743"|-608"| 343" L
W | -229| 015| 485" -635"|-844"| 802" | -223| 689" L
Nw | -212) -013| 782™|-453"] -810"| -840"| 486" .4387| 849" L
Jan | 638°|-428"| 059 136 -078| -046| -028| 2507 133[ .09) 1
Feb | 7287 -474”] -013] 216] 011 032 -017] 206] .058] 020 g777 1
Mar | 7657] -485"| -076] g1 111 .130] -015] .112| -046] -057| 926™ 960" 1
Apr | 6417[-3587] -102] 2377 115] .154] 096 .069] -101 -132| 778"| 8157 851 1
May | 172 -162| 363" -203|.484"|-410"| -023| 471"| 4107| 4357| 5457| 5267 4847| 527" 1
Jun | 8597|-304”| -178] 167| .164| 215] 012 -005| -066] -060| 404 472”| 5497 605”| 5687 1
Jul | 6757 -517"] -270°| 472"| 4157 4017| 000] -151|.353") -275°| 5207| 615" 6917| 664" | 383" .844" 1
Aug | 620" -453" -209| 501"| 413"| .385"| -020] -187|.404"| -289°| .4307| 5287 6157| .612"| 409”| .796"| 961" 1
Sep | 488" -324"| 019 3p1™| 111 108 .041] .053| -210| -107| 451" 5217 553"| .589”| .672"| 706" .809"| .883" 1
Oct | 5547|-427"| -031] 345™) .193| 218] 024) -054] -215| -143| 674”| 712"| 725" 689"| 586" | 544 | 678" .719"| 785" 1
Nov | 6407|-506"] 035| 239 050| 086 -042] .116| -016) .027| gog™| .918™| .890""| .769™| .605"| .517"| 656" | .608"| .632 .863" 1
Dec | .6687[-476"| 071] 167 -041] .003] -023| .206| .076] .083| 964”"| .9507| 9217 .774”"| 616" | .472”| 5917| 5307| 571"| .806"] .970"" 1
**. Comelation is significant at the 0.01 level (2-tailed)
*. Cortelation s significant at the 0.05 level (2-tiled)
Significant positive correlation
Significant negative correlation

2 9OHRE2

S

i R 2 & £ Pearson 4p B {2

Slope cor. Temp and Rai|  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Temp -886"| -.8817| -.883"| -.904| -918"| -924”| -9197| -923"| -.9247| -015"| -.909"| -.897"
Rain 3477 3447 B177| 3207| 4597  147) 015 093 350™| 3227|2497 217"

% 8 %

3 i>a £ 28 R Pearson g B 44 45 =

B

(4

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""| -5107| -461""| -3617"| -2817| -121| o78°| .207| - 323™| -395™| -.352""| -394
T Mar | -508"| -518"| -463""| -348"| -273"| 145 301" 225 -351"| -4257| -380"| -.420"
T Apr| -460"| -456"| -404"| -314| -208"| -110| 239"| .187| _358™| -417""| -.353"| -.382"
T May| -39 -395"| -355""| -305°| -344""| .039] .157| 119 _334™| -369""| -295°| -320"
T Jun | -315"| -326""| -303"| -204"| -380"| -039| .062] .038| .p03"| -302°| -218] -240"
Toul | -239°| -2657| -2577| -278"| -396"| -091 -007| -020] ._251°| -240°| -147| -.165
T Aug| -2457| -262"| -2507| -.269°| -.389""| -.086| -006] -019| _oe4"| -254"| -.161) -.176
T Sep | -308"| -296°| -263°| -244"| -340""| -010] .060|  .038| _3p4™| .329™| -237°| -.249
T Oct | -410"| -374"| -316"| -241"| -2857| 081  .160|  .116| _303™| -422™| -343"| -358"
T Nov | -436""| -415"| -385"| -270°| -278"| -099] 199  .144] _3g5™| .429"| -359"| -379"
T Dec | -438"| -448"| -400""| -3157| -2847| 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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