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A Study on the Application of Modeling to predict the Distribution

of Legally Protected Species Under Climate Change
- A Case Study of Rodgersia podophyiia -
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ABSTRACT

Legally protected species are one of the crucial considerations in the field of natural ecology when
conducting environmental impact assessments (EIAs). The occurrence of legally protected species, espe-
cially ’Endangered Wildlife’ designated by Ministry of Environment, significantly influences the pro-
gression of projects subject to EIA, necessitating clear investigations and presentations of their habitats.
In perspective of statistics, a minimum of 30 occurrence coordinates is required for population pre-
diction, but most of endangered wildlife has insufficient coordinates and it posing challenges for dis-
tribution prediction through modeling. Consequently, this study aims to propose modeling methodologies
applicable when coordinate data are limited, focusing on Rodgersia podophylila, representing character-
istics of endangered wildlife and northern plant species. For this methodology, 30 random sampling
coordinates were used as input data, assuming little survey data, and modeling was performed using
individual models included in BIOMOD2. After that, the modeling results were evaluated by using dis-

crimination capacity and the reality reflection ability. An optimal modeling technique was proposed
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by ensemble the remaining models except for the MaxEnt model, which was found to be less reliable

in the modeling results. Alongside discussions on discrimination capacity metrics(e.g. TSS and AUC)

presented in modeling results, this study provides insights and suggestions for improvement, but it has

limitations that it is difficult to use universally because it is not a study conducted on various species.

By supporting survey site selection in EIA processes, this research is anticipated to contribute to mini-

mizing situations where protected species are overlooked in survey results.
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Table 1. Number of presence data surveyed for each
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Table 2. Environmental variables used for the prediction of R podophyila.

Category Variable name Raw data
Biol
Bio2 Korea meteorological administration
Climatic Bio4 - Max temperature
Biol2 - Min temperature
Biol3 - Precipitation
Biol4
Aspect WorldClim2.1
- Digital Elevation Model (DEM)
. . Ministry of environment
Topographic Distance from forest edge - Land cover map
. Water resources management information system
Distance from valley
- Stream order map
Bed rock
. Soil texture Korea forest service
Pedological - R :
Soil humidity - Forest soil map
Soil organic matter
Forest type Korea forest service
Forest Age class - Forest type map
Crown density class
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= Species distribution

ﬁ A full survey is impossible

-

= Surveyed data

D National ecosystem survey (NES)

= Species distribution

D National ecosystem survey (NES)

= Surveyed data

ﬂ Random sampling (n=30)

Figure 2. Assumptions defined for this study
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Table 3. Evaluation results obtained by single models
Model Metric Value Cut-off Sensitivity Specificity
GLM TSS 0.863 568 100.000 86.094
ROC 0.960 576 100.000 86.912
GBM TSS 0.853 403 100.000 85.276
ROC 0.969 402 100.000 85.276
CTA TSS 0.816 776 90.000 91.616
ROC 0.940 774 90.000 91.616
ANN TSS 0.861 577 100.000 86.094
ROC 0.965 580 100.000 86.503
DA TSS 0.784 424 93.333 84.867
ROC 0.937 426 93.333 85.276
MARS TSS 0.897 647 96.667 93.047
ROC 0.982 644 96.667 93.047
RE TSS 0.892 402 100.000 89.162
ROC 0.985 400 100.000 89.162
MaxEnt TSS 0.793 391 86.667 92.653
axen ROC 0.944 391 86.667 92.653
SIS W TSS gkl 0.6 /3] BHdle] 4= 7zt 2do] dAS A Nkl x5 &l
GLM 127}, GBM 2471, CTA 167, ANN 197}, 7] 98l 142709 HEARE o] g3l BEEE
FDA 207l, MARS 157}, RF 257, MaxEnt 137} Ao o &Fe FE3a #E A2 el
2 Uehson, 71 2dojA TSSEkol 0.6 o]l UTHTable 4; Figure 3). SwXEd o] 2Rl &
298 Este] dard-S Ak TSS ETIXAESY A7} gt A B AT
+ MARS, RF, GLM, ANN, GBM, CTA, oA FEFS FEE Yo ARSI =T,

MaxEnt, FDA <22 UElyta, AUCE RF,
MARS, GBM, ANN, GLM, MaxEnt, CTA, FDA

© & UERITHTable 3). TSSO] @& BE
Dol 07 o] de s vent 24 B HEd A
2ol g St B 5 o2 Yehga

i

50% S 3 055 7|Fo 8 A2 389 H1
S35 el th(Song et al., 2012; Kim et al.,
2016, Kim et al, 2022). ¥ QFox &&3k
BIOMOD2¢] & E XA =& 0FE 100071419
oz Jehez, 500 o]de] 3k yehfojof

AUCY # &3+ g 2doX 09 o] 4oz 1) A2 7hsgol wrhal & 4 vk A 7R
B 3070eke Mad e SAAES AER weh ABARE F9 U4 LI ARG
So% B7eT ndY AWt BAGOR A ASAQEREA HolHelq el AeE
A0 AR Yyttt 30709 SARET AAE AolmR, ddS 2
Table 4. Details of the probability distribution map values extracted as validation data
Quantile GLM GBM CTA ANN FDA MARS RF MaxEnt Ens
Q1 544 486 590 453 487 381 399 294 529
Median 694 643 770 697 638 601 527 439 707
Q3 872 745 823 834 796 791 625 586 797
pONift‘;‘?;rSSf)) 11 104 117 100 103 88 81 64 108
[percentage] [78.2%] | [732%] | [82.4%] | [70.4%] | [72.5%] | [62.0%] | [57.0%] | [45.1%] | [76.1%]
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Figure 3. Boxplot showing how well reality was reflected by the models

W StAthe =2 gtoll UyE ¥¥XE Jehy
of gttt CTA RHde] 45 S48 7702

do] 75 489= 7P Fe TUgE UERhL
™, 500 o]’de] #h& Yehle A
(45.1%) 22 Yeht A4 £X 5 dS3ke 59
2 7P "HolA= oz It

EE 2do] 09 o] AUC & yUehfiof
SAA Age FHA Aol ltka

i

. £3], MaxEnt®] 7% TSS7}
0.793, AUC7} 09442 SA 52 S0 A nj$-
< BEFFERE BAFIAY, ASARE
7Ivko 2 Hriet An Uk 48990 A

Table 5. Evaluation results of ensemble model

BIE o223 HETE 45.1%9 14 1 3
< dAdte] F8& YRSt MARS S} RF

AUC ¥ TSSo|A =& Eg4ses Jehia,

FDAE FAA s 7P W ERggdes 4
=
=

E2 oz yehd wEgol gl

o2 yeht, A4 uk =5 12sk] Median

gkol 500 m|wte 2 UEhd MaxEntS #]9]3}1

U 7719 RS FFEFo =M 7]

o W2 R podophylla® wX5 <l5317] g
2

=
2d-S AT GFE 2 CTASE A9
g mdlEHT o] d4E 2 gsle Ao ® U

ERton, TSS 9 AUCY| % HE3t 25 SAHC
2w TREYES UERITHTable 5). E3

Model Metric Value Cut-off Sensitivity Specificity
TSS 0.862 517 96.667 89.366
Ensemble
ROC 0.976 519 96.667 89.571
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Figure 4. The probability distribution map of R podophylla by model
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