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ABSTRACT

Rising energy prices and accelerating climate change have intensified the “heat or eat” dilemma faced by low-income
households. Traditional binary indicators classify households simply as energy-poor or not energy-poor, but they fail to capture
the depth and severity of this deprivation. To address this limitation, this study develops a continuous Energy Poverty Index
(EPI) that quantifies poverty severity and the actual livelihood constraints experienced by households. By incorporating a
modified Engel coefficient, the EPI reflects how energy burdens crowd out spending on essential needs such as food, housing,
and health. Using Statistics Korea household survey data from 1998 to 2022, the empirical analysis demonstrates that the EPI
has strong temporal stability and greater targeting precision than conventional indicators. Because it measures severity at the
individual household level, the EPI enables severity-weighted subsidy allocation rather than uniform payments. Notably, the
index successfully identifies hidden high-risk households that report low nominal energy expenditures but experience extreme
and overlapping vulnerabilities that binary measures overlook. These findings support a paradigm shift in energy welfare
policy from uniform, undifferentiated payments to severity-based, differential support. By comprehensively capturing how
energy burdens compromise essential needs, the EPI offers a practical tool for designing more equitable and climate-resilient
energy assistance programs nationwide.
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Table 1. Summary statistics
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Variable

[Demographic and Housing Characteristics]

Age of household head (years)
Elderly household (%)
Female household head (%)
Household head with college degree or higher (%)
Apartment residence (%)

Residential floor area (m?)

[Income and Livelihood Constraint Characteristics]

Household disposable income (10,000 KRW/month)
Fuel and lighting expenditures (10,000 KRW/month)
Imputed rent (10,000 KRW/month)
Traditional Engel coefficient (%)
Modified Engel coefficient (incl. dining out, %)

[Energy Po

Households meeting TPR criterion (%)

Households meeting MIS criterion (%)

Households meeting CEPI criterion (%)
Observations (N)

522 B RA ©ACZ 20174, 201892 A Q5T
(Lee and Song, 2022; Yoon et al., 2019).

oA Hle et A4S AEi7) ofy =), AgHe d
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of sk A Ak FAE olsid 27 th(Jo
et al., 2019; Yoon et al., 2019). o]of 7}+9] A4 &S
g, o A]H] Pr% F7 9474, AE AokS oA Hrde
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Aol A FNEE RS $AFA0E 2
Aoteich. FA5S 2AANRPR 5 vy A5
AL Fo) AT +2e HBoE 5 Ak v, 7
ARAEL Woivlo] Bl e Ad oA AR o
A4H 02 qrgeth(Yoon, 2016). THYt 7HHEASRES

L AR 5 EXHE) ojeng, oy %
A B Agoh AFotel AZEE 2Hste oY
AH] P A¥F FEH 2N AFTEAY FDu

Azohg A FEIAYT. A4S 1L Hg Byew
Aol G AH|E Ak Gl Slo] FEH|7F 5]
A #=" 4 JoHZJo et al, 2019; Yoon et al,

2019), T AEH3 AZHAY (JEHS Whsto] =
A st An 249 ol BASAT.
FAR = old ARt A 7F AlAkol A S-Ae7t
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Mean Std. Dev.

49.11 14.03

10.98 31.27

23.84 42.61

27.7 44.75

45.19 49.77

67.15 27.61

301.08 240.83

12.7 7.76

58.4 54.14

17.46 9.63

29.27 10.78

verty Indicators]

15.8 36.48

18.63 38.94

14.92 35.63

160,282
2 45 I E, FAY A& F Lo diite] e
o] o]ee AAUE HolA A He] mas
At
AR Ak AE2 AAAe} 4 A= S

Gatgick. 19 7h-ghdo] b1 BB/l B2
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H HEZ 1esto], AlmEHo] AHE HE 4 4A
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Table 2. Comparison of household characteristics by severity in 2015
Household Characteristics Basic Severity Model (epil) Multidimensional Severity Model (epi2)
. Bottom Above . Bottom Above
Non-constrained . Top 10% | Non-constrained . Top 10%
10% Median 10% Median
(GO) (G3) (G0) (G3)
(G1) (G2) (GD) (G2)
Age of household head (years) 49.8 60.2 64.6 65.5 49.9 59.9 64.8 65.7
Elderly household (%) 7.5 37 50.8 47.8 7.5 37 51.4 51.1
1-generation household (%) 35.6 60.3 66.2 62 35.6 60.3 67.5 67.9
2-generation household (%) 60.3 342 31.3 353 60.3 33.2 29.7 29.9
3-generation or more household
3 43 1.6 1.1 3 5.4 1.9 1.1
(%)

Male household head (%) 78.6 53.8 53.9 522 78.6 50 55.2 54.9
Female household head (%) 214 46.2 46.1 47.8 21.4 50 44.8 45.1
Household head with college

. 33 10.9 9.9 10.3 33 14.7 9.3 12
degree or higher (%)

Apartment residence (%) 57.4 375 29.3 16.3 57.4 353 28.1 22.8

Disposable income
447 153.8 78.5 59.8 446.9 146.9 78.5 57.6
(10,000 KRW)
Energy expenditures
16.9 9.9 14.7 21.3 16.9 10.1 14.2 18.8
(10,000 KRW)
Energy expenditures per square
5 2,368 1,538 2,571 4,084 2,368 1,537 2,451 3,622
meter (KRW/m")
Imputed rent
84.9 54.2 48.6 48.4 84.8 50.8 50.1 539
(10,000 KRW)
Modified Engel Coefficient (%) 15.1 21.1 22.5 20.8 15.1 16.4 26.1 28.8
Observations (N) 5,202 184 917 184 5,203 184 916 184
Bo\7hA) WA EE(N=160,282)9] 77 LPF #53} 4. =M 2y
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Table 3. Comparison of household characteristics by severity in 2019

Household Characteristics Basic Severity Model (epil) Multidimensional Severity Model (epi2)
. Bottom Above . Bottom Above
Non-constrained . Top 10% | Non-constrained . Top 10%
10% Median 10% Median
(GO) (G3) (GO) (G3)
(G1) (G2) (G1) (G2)
Age of household head (years) 51.8 65.1 65.6 63.6 51.8 65.1 66.2 66.0
Elderly household (%) 11.0 49.1 529 43.9 11.0 50.0 54.5 50.9
1-generation household (%) 48.8 73.7 77.6 75.4 48.8 71.9 78.5 80.7
2-generation household (%) 48.3 21.1 20.5 22.8 48.3 23.7 19.9 18.4
3-generation or more household
2.9 5.3 1.9 1.8 2.9 4.4 1.6 0.9
(%)

Male household head (%) 75.6 49.1 59.4 63.2 75.5 56.1 58.4 59.6
Female household head (%) 24.4 50.9 40.6 36.8 24.5 43.9 41.6 40.4
Household head with college

. 46.9 14.0 14.3 14.9 46.9 16.7 13.1 12.3
degree or higher (%)

Apartment residence (%) 52.8 28.1 233 10.5 52.8 254 22.8 7.9

Disposable income
482.1 136.5 82.4 59.9 482.0 136.6 82.2 62.4
(10,000 KRW)
Energy expenditures
134 5.5 13.4 18.5 13.4 5.9 12.9 16.7
(10,000 KRW)
Energy expenditures per square
) 1981.1 731.6 2372.7 3787.2 1981.1 814.0 2276.8 3496.9
meter (KRW/m?)
Imputed rent
64.1 42.8 353 29.8 64.1 43.5 36.1 28.1
(10,000 KRW)
Modified Engel Coefficient (%) 15.1 235 22.4 19.6 15.1 18.0 253 27.4
Observations (N) 3212 114 567 114 3213 114 567 114
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Table 4. Comparison of inclusion rates of existing welfare indicators (TPR, MIS, CEPI) in high—severity groups (%)

epil Top 50% Included N

epil Top 10% Included N | epi2 Top 50% Included N

epi2 Top 10% Included N

Year (@D %) (%) %) (%)
1998 601 (57.7%) 191 (91.4%) 572 (54.9%) 188 (90.0%)
1999 674 (55.7%) 210 (86.4%) 641 (53.0%) 199 (82.2%)
2000 459 (55.1%) 144 (86.2%) 447 (53.7%) 137 (82.0%)
2001 518 (66.8%) 147 (94.8%) 482 (62.2%) 137 (88.4%)
2002 323 (49.3%) 120 (91.6%) 305 (46.6%) 111 (84.7%)
2003 708 (64.7%) 205 (93.6%) 683 (62.4%) 201 (91.8%)
2004 657 (63.4%) 195 (93.8%) 632 (61.1%) 180 (87.0%)
2005 683 (64.9%) 201 (95.3%) 665 (63.2%) 198 (93.8%)
2006 977 (71.9%) 257 (94.5%) 938 (69.1%) 256 (94.1%)
2007 722 (64.5%) 208 (92.9%) 685 (61.3%) 205 (91.5%)
2008 759 (73.3%) 202 (97.1%) 722 (69.7%) 199 (95.7%)
2009 849 (76.3%) 217 (97.3%) 789 (71.0%) 212 (95.1%)
2010 847 (79.4%) 211 (98.6%) 823 (77.1%) 205 (95.8%)
2011 892 (86.7%) 204 (99.0%) 860 (83.6%) 199 (96.6%)
2012 841 (88.2%) 190 (99.5%) 799 (83.9%) 188 (98.4%)
2013 842 (86.4%) 191 (97.9%) 807 (82.9%) 189 (96.9%)
2014 757 (87.4%) 173 (99.4%) 713 (82.4%) 171 (98.8%)
2015 752 (82.0%) 179 (97.3%) 699 (76.3%) 179 (97.3%)
2016 736 (78.2%) 182 (96.3%) 685 (72.8%) 181 (95.8%)
2019 423 (74.6%) 111 (97.4%) 398 (70.2%) 107 (93.9%)
2020 517 (68.6%) 142 (94.0%) 486 (64.5%) 137 (90.7%)
2021 519 (68.6%) 137 (90.1%) 482 (63.7%) 137 (90.1%)
2022 479 (67.6%) 134 (94.4%) 437 (61.7%) 130 (91.5%)
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Table 5. Summary statistics of 4 different groups in 2019

Group GO

epil Top 10% &
epi2 non-Top 10%

epi2 Top 10% &

epi2 Top 10% .
epil non-Top 10%

(G2)

[Demographic and Housing Characteristics]

Age of household head (years) 51.8

Elderly household (%) 11.0

Female household head (%) 24.4
Household head with college degree or higher (%) 46.9
Apartment residence (%) 52.8

Residential floor area (m?) 73.0

[Income and Livelihood Constraint Characteristics]

Household disposable income

GD G3)
61.1 66.0 68.1
425 50.9 62.5
35.0 40.4 45.0
225 12.3 15.0
20.0 7.9 12.5
54.8 50.6 51.1

482.1 64.7 62.4 71.8
(10,000 KRW/month)
Fuel and lighting expenditures
13.4 16.7 16.7 11.8
(10,000 KRW/month)
Imputed rent
64.1 339 28.1 28.9
(10,000 KRW/month)
Traditional Engel coefficient (%) 15.1 11.6 27.4 339
Modified Engel coefficient (incl. dining out, %) 29.1 15.7 37.5 48.0
[Energy Poverty Indicators]
Households meeting TPR criterion (%) 33 100.0 94.7 87.5
Households meeting MIS criterion (%) 0.9 100.0 99.1 100.0
Households meeting CEPI criterion (%) 4.1 97.5 94.7 87.5
Observations (N) 3,212 40 114 40
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Table A1. Comparison of household characteristics by severity over the entire period

Household Characteristics Basic Severity Model (epil) Multidimensional Severity Model (epi2)
. Bottom Above . Bottom Above
Non-constrained . Top 10% |Non-constrained X Top 10%
10% Median 10% Median
(GO) (G3) (GO) (G3)
(G1) (G2) (GD) (G2)
Age of household head (years) 46.8 54.3 55.0 53.6 46.8 54.1 553 54.6
Elderly household (%) 4.8 25.1 26.5 22.9 4.8 25.0 27.2 24.9
1-generation household (%) 28.0 439 429 40.2 28.0 43.7 43.9 423
2-generation household (%) 65.9 49.3 49.3 51.9 65.9 49.9 48.2 49.2
3-generation or more household
6.0 6.7 7.7 7.8 6.0 6.4 7.8 8.5
(%)

Male household head (%) 80.9 62.5 64.6 66.5 80.9 62.0 65.0 67.4
Female household head (%) 19.1 375 35.4 335 19.1 38.0 35.0 32.6
Household head with college

. 33.8 12.9 10.9 10.8 33.8 14.0 10.7 9.8
degree or higher (%)

Apartment residence (%) 51.3 29.9 27.9 22.5 51.3 314 27.0 20.9

Disposable income
377.3 138.1 80.6 59.3 377.3 137.7 80.0 58.3
(10,000 KRW)
Energy expenditures
13.7 8.0 11.4 14.0 13.7 8.4 11.0 12.6
(10,000 KRW)
Energy expenditures per square
5 2065.7 1280.0 2185.1 3034.6 2065.6 13453 21243 2793.4
meter (KRW/m”)
Imputed rent
64.8 435 39.5 36.0 64.8 43.5 39.5 36.0
(10,000 KRW)
Modified Engel Coefficient (%) 15.6 21.9 223 21.0 15.6 17.7 24.5 26.4
Observations (N) 116,579 4,371 21,852 4,371 116,596 4,369 21,843 4,369
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