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Abstract
We analyzed binary landslide data from the Boeun area with logistic regression. Since the number of landslide
occurrences is only 9 out of 5000 observations, this can be regarded as a rare event data. The main issue of
logistic regression with the rare event data is a serious bias problem in regression coefficient estimates. Two
bias correction methods were proposed before and we quantitatively compared them via simulation. Firth

(1993)’s approach outperformed and provided the most stable results for analyzing the rare-event binary
data.
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Figure 2.1. The relationship between the score function (U(6)) and the modified score function (U™ (0))
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Figure 3.1. Boxplot for the difference between estimates from each method and the true value when 8; = 0.

From the leftmost case, the marginal probabilities of the event are given by 0.01, 0.05 and 0.1, respectively. In
each plot, the results from ordinay logistic regression, Firth’s method and King’s method are shown in the order
named.
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From the leftmost case, the marginal probabilities of the event are given by 0.01, 0.05 and 0.1, respectively. In
each plot, the results from ordinay logistic regression, Firth’s method and King’s method are shown in the order
named.
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B1=0, P(Yi=1) = 0.01 B1=0, P(Yi=1) = 0.05 B1=0, P(Yi=1) = 0.1
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Figure 3.3. These figures show the type I error and power for each method when n = 100. The three plots in the
upper panel are obtained when 81 = 0, those in the lower panel are obtained from 8; = 1. Out of 500 simulations,
the proportion of the p-value less than 0.05 is shown, and in each plot, the results from ordinay logistic regression,
Firth’s method and King’s method are shown in the order named. From the leftmost figure, P(y;, = 1) is given by
0.01, 0.05 and 0.1, respectively.
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Figure 3.4. These figures show the type I error and power for each method when n = 1000. The three plots in the
upper panel are obtained when 87 = 0, those in the lower panel are obtained from 8; = 1. Out of 500 simulations,
the proportion of the p-value less than 0.05 is shown, and in each plot, the results from ordinay logistic regression,
Firth’s method and King’s method are shown in the order named. From the leftmost figure, P(y;, = 1) is given by
0.01, 0.05 and 0.1, respectively.
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Table 4.1. Descriptive statistics for the continuous covariates

Slope Elevation Distance
Min 0 139 0
Q1 2 162 3
Median 11 195 7
Mean 12.29 211.5 11.17
Q3 20 245 14
Max 56 494 86

Table 4.2. Frequency table for each category of the nominal variables

forest 1 2 3 4 5 6 7 8 9 10 11 12 13
Observations 2534 14 142 352 34 2 865 26 118 87 3 818 5
geology 1 2 3 4 5
Observations 1366 523 29 207 2875
soil 1 2 3 4 5 6

Observations 171 775 469 1440 2005 140

4. AT - 22 K[H92| LHAEN AI2

o] AFolME o] AF ARE viFe® 1998d o F FFETSR A A Yo B S E
Qe ZHEL HO oA o= HEE% 50007} A& o ® A ATE FFe3itt. 500074
A F A 2 93xo = 19 u]go] 0.00189] sty A A doe JST =
A3 ARAFER 7} frdbE] e, F LS 7&—% M= E3t 54 %lcﬂow‘j AAFER 7L T AR
2 AL EAe] e o]e] thE 4 29l oA H“‘“ﬂﬂw < ofugt Olﬁiﬂ AEATER
A (Park S, 2003; Lee 5, 2004)E 23] F 6719
%3 W42 % (elevation), AMA 7 AK(slope), AF-Z 25 E S
ﬂrﬂ(dlstance)-"% 37KAE nEsiich. dwtAo g A AAE gokal, F3F A= A ArzrEsR
B 7Pk A o] Atate] Bl o HFsirt. HEY W4 R A4 (geology), Yd(forest), EF vl
= (soil drainage)?] 37FA& &ttt o714 AFL 570, AL 137), EX vl & 6719 W
2 F45e] 9l BE HEY W ugith ZF HEFY] o537 oul W olEiFe] FEof At
A MBS 54 A T5, A4 S5l wEk Ak 8 ErE dEbA] ], o A oA 3t
2 AG L Al A7 gho] sk Bk vl A9, it & 248 AL 2%
A NE7F ol 2oz deiA ok (Lee 5, 2004). 9o A W gt 7|& FA %2 Table
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Table 4.3. Analysis result for Boeun landslide data

287

. logistic regression Firth method
Variable name - - - -
Estimate Se  P-value Stepwise(se) Estimate Se  P-value Stepwise(se)
slope 0.000 0.000 0.4699 X 0.018 0.033 0.677 X
elevation 0.000 0.000 0.1513 —0.000(0.000) —0.012 0.008 0.288 X
distance 0.000 0.000 0.100 X —0.298 0.094 0.007 —0.298(0.112)
geology(2) —0.003 0.003 0.356 X —2.327 1.756  0.280 X
geology(3) —0.006 0.008 0.455 b'q —0.716 1.615 0.676 b'q
geology(4) —0.002 0.003 0.570 X —1.977 1.025 0.115 X
geology(5) —0.003 0.002 0.179 X —2.103 0.809 0.060 X
forest(2) —0.000 0.011 0.950 X 4.144 1.671  0.096 X
forest(3) —0.000 0.004 0.875 X 1.882 1.576  0.360 X
forest(4) 0.000 0.003 0.876 X 1.214 1.524 0.535 X
forest(5) 0.002 0.008 0.801 X 4.275 1.640 0.091 X
forest(6) —0.000 0.030 0.998 X 7.260 2.377 0.018 6.348(2.287)
forest(7) 0.003 0.002 0.206 0.004(0.002) 2.443 1.077  0.075 X
forest(8) 0.000 0.009 0.956 bq 4.034 1.706 0.103 bq
forest(9) 0.008 0.004 0.059 0.009(0.004) 2.789 1.125 0.048 2.597(1.147)
forest(10) 0.012 0.005 0.010  0.013(0.005) 4535 1.204 0.006  3.357(1.153)
forest(11) 0.005 0.025 0.854 bq 11.066 2.774  0.004 8.332(2.366)
forest(12) 0.005 0.002 0.037 0.006(0.002) 2.437 1.014 0.042 1.840(0.928)
forest(13) —0.002 0.019 0.933 X 4.929 1.908 0.061 X
soil(2) 0.000 0.004 0.946 X —1.381 1.872 0.507 X
soil(3) 0.001 0.004 0.792 X —0.200 1.830 0.921 X
soil(4) 0.002 0.004 0.630 X —0.458 1.551 0.793 X
soil(5) 0.003 0.004 0.483 X —0.163 1.587 0.929 X
soil(6) —0.000 0.005 0.966 X —0.094 1.953 0.963 X
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5ol £4¢ & 4 Atk T BE Aodo] ke AEE BAEA PY 7 2 Fol 7} vk,
webd Firthe] Wel A 2old 238 si4shs 2o) B AT 4 Y A0 BEeh HE oy
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291 24 A Fihe) A g} oSS A 4 dTtel tha =97t & B BH3A o

2
et 19 A5z sk el o &
2% Aoz AZdr)

92 WRE Mowsel 2t WA 0|2 2 o)
1 Alluvium 4%
2 Hwanggangri formation AR LR
Geology 3 Acidic dyke Ak
4 Two mica admellite FAER3GY
5 Biotite granite il DAL
1 etc =
2 Somewhat poorly drained wj= ok E5F
Soil drainage 3 Moderately well drained ujj <= %7_&
4 Well drained Wl S5
5 Excessively drained W e S
6 Poorly drained Wi E 5
1 Non-forest IR
2 Rigida pine 271tk AuF
3 Pine AU
4 Neelde and broad-leaf Agdzxd
5 Artificially afforested broad-leaf tree oy &g
6 Korea nut pine Zr
Forest 7 Larch G5
8 Broad-leaf tree g4
9 Field Z7
10 Cultivated land 74 A 2]
11 Chestnut tree LIaB e
12 Poplar xZe
13 Ranch A A
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