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Abstract

Expanding and developing the use of bioenergy is one of the key strategies for
Taiwan to achieve net-zero emissions. Further understanding the impact of global
warming on the potential distribution of biomass significantly informs future resource
spatial planning and allocation. This study focused on Sapindus mukorossi, a potential
biomass species, we applied the ensemble ecological niche model to simulate the
species range dynamic under the shared socio-economic pathways (SSPs) warming
scenario, spanning from the current time to the end of the 21st century (2071-2100). The
results show that temperature-related climate variables are the primary drive shifts in
habitat suitability for S. mukorossi. In a low emission scenario (SSP126), S. mukorossi
is anticipated to benefit, leading to an expansion of its suitable habitat range. However,
under a high emission scenario (SSP585), the maintenance of suitable habitats on the
southwestern is constricted. Although suitable habitat ranges may expand towards higher
altitudes without reducing the overall habitat area, changes in habitat spatial patterns
could potentially affect the availability of future resource utilization. We recommend
early formulation or adjustment of planting plans to provide corresponding operational
and management strategies for climate change.

BRI - R EAORARRE - AEREEIR ~ KENE ~ AR A
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Fig. 1 Geographical location of the study area and the species occurrence records (circular markers).
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Table 1. Predictor variables used in ecological niche modeling.

Category Variable Code

Bioclimatic Annual mean temperature BIO1

Mean diurnal range (mean of monthly (max temp - min temp)) BIO2

Isothermality (BIO2/BIO7) (x100) BIO3
Temperature seasonality (standard deviationx100) BIO4
Maximum temperature of warmest month BIOS
Minimum temperature of coldest month BIO6
Temperature annual range (BIO5-B106) BIO7
Mean temperature of wettest quarter BIOS
Mean temperature of driest quarter BIOY9
Mean temperature of warmest quarter BIO10
Mean temperature of coldest quarter BIO11
Annual precipitation BIO12
Precipitation of wettest month BIO13
Precipitation of driest month BIO14
Precipitation seasonality (coefficient of variation) BIO15
Precipitation of wettest quarter BIO16
Precipitation of driest quarter BIO17
Precipitation of warmest quarter BIO18
Precipitation of coldest quarter BIO19
Soil Coarse fragments volumetric CRF
Soil texture fraction clay CLY
Soil texture fraction sand SND
Soil texture fraction silt SLT
Soil pH x 10 in KC1 pH
Cation exchange capacity CEC
Topography Elevation ELEV
Slope Slope
Aspect ASP
Land-use/Land-cover Land-use/Land-cover LULC

38



BIEEYSEEIE TW J. of Biodivers.26(2):31-52, 2024

F B E PR A SR E) - 2 BRI O RE 2 5]
3.3~5.7°C [ (IPCC 2021) - 1Y 7.
{5 & L H A 4t CHELSA v2.1 T # 21
H&EOR (2071~2100 FHYFH1E ) AT
TEEE T Al {EH 2 AV RIEE R (Karg-
er et al. 2017) > A & GFDL-ESM4 -
IPSL-CM6A-LR ~ MPI-ESM1-2-HR ~
MRI-ESM2-0 Ei UKESMI1-0-LL % 5
i 7 KEIRRIHAY (general circulation
model, GCM) ; 551 Chen et al. (2022)
HUfE A [ AR AR 2R st R/ B s
$4TH > SSP126 i1 SSP585 1H1iH 47 IR
#% IMAGE #H1 REMIND-MAGPIE [H
TN T A/ 7B S B4R & 6T
i 5 AU (integrated assessment model,
IAM) FirESL - AREHFEEA 5 f8 GCM
FRIFEHEC 2 T8 TIAM Bydie B 1R ARy 4=
Bt AT VEOH - W EHAS R
PSR Ry B 8GR -

(=) EREEHI A

# R E f “sdm” #1 {7 ENM
(Naimi and Aratjo 2016) - Ff {5 i 2 1
A FHEE M - (EH S 7AYE
BUL > BEEFRGEES (generalized

39

linear model, GLM) ~ & 3% fH fji f& %
(generalized additive model, GAM) 2
2 T AR B AR R T AEAY o DR B 5 20 i At
(boosted regression tree, BRT) ~ [
K (random forest, RF) ~ % A J# (maxi-
mum entropy, MaxEnt) 5 3 fdiffesea
HEDE - B Rl iE A LR
FEAEAC 8% (B0er S0Bh ) W R (i 22 1
HZEHL 80% i Ryl R RLE - FIER 20%
R BV R - BE4E - HEIRREER
10 738 X Egiz& % (10-fold cross-valida-
tion) HETT I AU A R B ERES - 5 fdUH A
VA ] A 50 (IR A o HEME R BE AL
DLBEAZ & #7120 (receiver operating
characteristic) [ 4% T~ [ & (area under
the curve, AUC) ¥ H B X g i 5T H
(true skill statistics, TSS) Wi {E & RA1E
AT Hp AUC fHIS R 0.5~1 0 &
(B A= R R TR > R P A e

TSS RIF&EA +1 & -1 BT 1 F/oRiE
A5 58 5% > [ Z IR 7R (Allouche et
al. 2006) - & AUC 1 TSS 43 il & 172
0.7 %2 0.4 DL L~ Bz & Al H%
12 #E (Swets 1988, Gonzalez-Ferreras et

al. 2016) ° &% > KI5 EERY



AUC E12 0.8 F.TSS & 0.5 YRS »
M DAY TSS MRy MEEE > ST RN
g o BRI - HER
BT 2 AEFHEEN  ERPRaX
TEHEE T4 RZAREE -

TR ST A A B B S 0
4 R & “sdm” H1 HY “getVarlmp” B4
BOKE R - EREthE TR AR
FHIHEbR HE— S IH % » H AUC B
ERIRIAYTE 2 - IRENRZ SEEIUE AUC
MIRRRE ¢ 55 FEHR4R (response curves)
AL M O AR B S T ) 7 A
& RIS R IR A S B H %
DUECAR: TSS FiT S 1 Ay 228 B 4 (50 o o (L
(Liu et al. 2016) » AGEGEREE (1)
BAIRMEE (0) #Y 7Tk (binary) 4= E i
» PRI I EE AR AR AT AR AR B
BIEE T 2 AR E TSR
DAFI% SEENRE 3 B L -
() A FH T ARERE AT

S 0% Kumari et al. (2022) H4EE
HEhREMEREUE > DL ArcGIS 10.8 0%
~ “Spatial Analyst Tools” f&i4H f& B ¥R
W B R ARG B > 4 Bt oy MR Eh RG] -

40

BER IR

H A AIRE B B (gain) & > AR E
TCHRHR R GIEE T A F M ERK
i N AR E AR B (0, 1) L2
B R AR R B A 3 > (HAR ARG
NERIEEELAER &I (1, 0) 0 H
TE 7 B (loss) ° 1&7E (stable) &3
R B R RS Ry i H AR B L (1, 1)
TERIF LR AR J 7 H AR J L (0,
0) » Rl 8§ &5~ {7 4E (absence) © &3
BB (5 7T SR DABR IR 8 H AR B it
TCEL > AT oy BIEAS NS 22 (percentage
gain) B1HL (percentage loss) > 1M i
MR AIRA R AIRRAERG AR E I
Hi[F %1k (range change)
2 %

FEAH A 23 A7 O B FROHI B I G 12
(& BBl S AR EEEEE T
ENM > &5 R EURER GLM 1Y TSS 515
(0.42) RIBGRAL - H ek 4 FHEEE
JEHUHAL > MEREAHEHE R - MDA RF
MaxEnt 7% 37 & £ ([& 2) - # —F &
R BRI M A 2 TR A AR 7 LAY (BT
AUC>0.8 H TSS>0.5) » =} A 40 {§ -
AT DABURs 1% IR R B R fE Y > HF

BETRERELERENVHEESTNOMEE



BIEEYSERITAT TW J. of Biodivers.26(2):31-52, 2024

0.60 0.86
mmean AUC
emean TSS L 0.84
0.50 -
- 0.82
0.40 -
- 0.80
G g
= 030 - ors <
: g
z - 076 &
0.20 -
- 0.74
0.10 -
- 0.72
0.00 - - 0.70

GLM GAM BRT MaxEnt RF

2. BIHEFLRIERRERL 2 P2 H 1R ERF Ui 4R AT (area under a ROC curve, AUC) ~ HEAELET
{& (true skill statistic, TSS) °

Fig. 2. The area under the receiver operating characteristic curve (AUC) and the true skill statistic (TSS)
obtained by each algorithm for the model.
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Fig. 3. Importance of each predictive variable to the ensemble model.
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Fig. 4. Response curves for the topmost important variables in an ensemble model; (a) annual mean

temperature; (b) mean diurnal range, and (c) slope.
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Fig. 5. Climate-related range shift of Sapindus mukorossi under future climatic scenarios. (a) SSP126, (b)
SSP585.

% 2. B 2 RRRIEEE RS N RETAVEEA B MRSt
Table 2. Summary of the range change statistics for Sapindus mukorossi under future climatic scenarios

compared to current climatic conditions.

Area (km?) Species range change (%)
Scenarios
Absence Stable Gain Loss Percent gain  Percent loss  Range change
SSP126 25,681 6,875 2,529 789 33.00 10.29 22.70
SSP585 25,107 4,698 3,103 2,966 40.49 38.70 1.79
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