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| ntr()d uction N B 2. Do the upstream watersheds have natural clusters?
ST What are the associated explanatory variables?

The results show that the upstream watersheds in Talwan can be
divided into 6 clusters (Fig 3). Nine significant explanatory variables,
namely slope, temperature, flat slope, NE-facing slope, rainfall, East-
facing slope, SE-facing slope, West-facing slope and NW-facing
slope were contributing to the variance of NDVI (Fig. 4-5) -

Under the influence of global climate change, Taiwan is facing many challenges such as extreme
precipitation events, more collapses, landslides, and other disasters that are seriously affecting the safety
of lives. Remote sensed data have been utilized to assist evaluating climate change influences on
terrestrial ecosystems, especially on terrestrial vegetation. Therefore, the present study aims to identify
natural clusters on Taiwan’s terrestrial vegetation, especially for upstream watersheds, by using 30 years
remote sensed data. Additionally, important factors for explaining the vegetation variance were analyzed.

Moreover, we have put forward suggestions of climate change adaptation strategies according to future S e sea [ -
climate change scenarios of each upstream watershed group. Eventually, the results of the present study e P
will benefit both the major management agency, the Soil and Water Conservation Bureau, and the teain. :
sustainability of the ecosystems of Taiwan. ] vt B o st 57+ :
I ciuster#2 [ | Cluster#s NW. 3.6%.
[ clusterts SW. 2.7. -
R h t- Vg 0 20 40 80 km TS:T ii i 8, =
esearc QueS IonS e *EE*H<0.001; **;p<0.01;**p<0.05; *p<(-).;0ﬂ ‘7-1.0 RDA Axis 1 1.0
) Fig. 3 Upstream watershed clusters Fig. 4 Explanatory factors Fig. 5 RDA results
- ) . ] ] .
L. Whatare the long-term trends of upstream watersheds' 3. What are the future climate change scenarios situation for each cluster?

2. Do the upstream watersheds have natural clusters? What are the associated explanatory variables?

3. What are the future climate change scenarios situation for each cluster? The HadGEM2-A0O model was used to analyze four situations of climate change scenarios, RCP2.6,

RCP4.5, RCP6.0, and RCP8.5, in 2021-2040, 2041-2060, 2061- 2080 and 2081-2100 (only 2021-2040
was shown In Fig. 6 for illustration purpose). Decreased precipitation patterns were seen in winter,
spring, and summer, especially in winter (11-51% decrease). Increased Temperature patterns were seen

Materials and FlOWChart for all seasons by 0.4 to 2° C(Fig. 7).
2021-2040 2021-2040
Season Winter Spring Summer Fall Season Winter Spring Summer Fall
Materials Source Spatial resolution/pixel i, | ) | B | Gty | Gmied o | PEEY | PRORS ] URED ) SR
Normalized Difference Vegetation Index | GIMMS NDVI3g dataset skm
(NDVI) RCP2.6 RCP2.6 ﬁ
Temperature and Precipitation Taiwan Climate Change Projection and S
Climate Change Simulation Scenarios | Information Platform (TCCIP)
Slope and Aspect Taiwan Ministry of the Interior- 40m — RCP4.S .
Digital Terrain Model (DTM) sl
Collecting ti ies data fi Clu alysis fo Identifyin Looking into changes of S :
N]())Vlim?ragmfu:ﬁftseelz;:ranue (c))} upstiteearmanwa}trzsshecrl = impona?lt dri%'ing—b watershed cglusttels undir climate s—()- Suggaej:p:zg:n‘:lslt?;? c;ange 3 3
upstream watershed (based on NDVT) factors change scenarios &l REBED RCP6.0 ! . m"
: + Slope  Aspect Temp  Rain y@;ﬂ E ‘;_ b
\\é/ IR RCP8.5 RCP8.5
| FEd-amalyS:, » Natural cluster - . - - . - - - -
N ' ;/3(;/ Fig. 6 Seasonal precipitation (left) and temperature change rate (right) in four climate change scenarios during 2021-2040
i RDA ;t;la_l}-’sis “ S - Cluster | Precipitation change rate (%) Temperature(°C) Cluster | Precipitation change rate (%) Temperature(°C)
\>~ e Rk A
00 & 8 : o % — % % — % /
SR il T | /
Flowchart E ::\i -
1. Hierarchical cluster analysis (HCA) P —— : e | |
Agglomerative hierarchical cluster analysis _ e e [ - ﬁ A :
(Huang et al. 2014)(Fig.1)and Wards s o 2 3 —— / 6 % //
Method were used. g | B /
2. Redundancy analysis (RDA) S 4 3 : S | |
RDA iS a' methOd eXtending from mUItipIe § - 40 % Legend w=@u=\yinter e=@mespring e=@==summer fall Legend =@ \yinter e=@me=spring e=@==summer fall
linear regression(MLR) which assumes that 2 | = Fig. 7 Averaged precipitation change rate and temperature change for each cluster
there are linear relationships between ‘ | 1 -
variables(Ter Braak 2002), with the 5 - ‘“""""”'"'"'"""---.-.-.-.:--"'" il I, M
following formula; ™ o 1. The upstream watersheds in Taiwan can be divided into 6 groups. In the future, this group can
(SYXS)Z)%S,YX _ Akl)uk -0 Fig. 1 composition coefficient and coefficient change rate of HCA served as management units.
Sy« IS a covariance matrix of dependent and the explanation of variance. Sy ! is the covariance 2. Nlr}e explanatory va_rlables including Slppe, temperature, flat _slope, NE-facm_g slo_p_e, ral_nfa_l I_, East-
matrix of the explanation of variance after normalizing. | is a unit matrix. A, is the eigenvalue of k facing slope, SE-facing slope, West-tacing slope and NW-facing slope were identitied significantly
axis. u, is normalized canonical feature vectors (Legendre and Legendre 2012). for the NDV1 variation explanation.

3. Decreased precipitation patterns were seen during the winter, spring and summer months,
especially in winter (11-51% decrease). Increased Temperature patterns were seen for all seasons

Results from 0.4 t0 2° C.

4. Suggested climate change adaptation strategies are as follows:
Cluster#1 : the effects of precipitation pattern change on high-altitude tree species, associate
carbon sequestration capacity, and ecological functions of forests.
Cluster#2 : the effects of predicted less precipitation and higher temperature on agriculture;
consideration of natural disaster relief subsidy policies, agricultural insurance, hotspot/vulnerability

1. What are the long-term trends of upstream watersheds?

The present study selected 70 upstream watersheds to conduct monthly time series analysis from
1982 to 2012 (Fig.2 ). Although not significantly, slight increasing trends were detected from the NDVI,
precipitation, and temperature time series data for the year 2001-2012(Fig. 2).

1982-2012 2001-2012 assessment, timely adjustment of cropping, and crop rotation systems.
AVerage vatue Tange-6:57-0.9t L N Cluster#3 : biodiversity of the conservation focal area (as a focal area connection the Central
Bl A & s i L i & Mountain, south-to-north greenbelt conservation areas, and east-west forest greenbelt networks);
e ST —— predicted increased summer precipitation on slope erosion and landslides.
MMMMM Cluster#4 : the suitability and the impact assessment of agricultural land; disasters of slope failure
AVerage value ,fa”960373349mm\ Sl = \ caused by typhoon and short-term heavy rain.
Precipitation — {adias L gids T ‘ _Cl_uste_r#5 : the effects of changes in precipitation on water resources deployment and agricultural
Rttty 15 ol thfsrereod Irrigation needs. | | 3
— . CI_uster#G : streng_then the prevention, preparation, and adaptability works on large-scale slope
 ARRAARARAS AMAMARAARAS AAAMAAM /A\/QA\//A\JQ\/A\ A Q\//r\/%\/?\\/&\ failures and potential collapses.
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