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A Cost-benefit Analysis for Urban Heat Island Mitigation Policy

: Focused on the Installation of Green and Cool Roofs in Seoul, Korea
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Abstract

Green- and cool-roof installations have been recognized as effective means to mitigate the urban heat island effect.
Despite their usefulness as a policy, there has been little attention to their economic feasibility. This study attempts
to conduct a cost-benefit analysis for two policies concerning green- and cool-roof installations in Seoul, Korea. The
contingent valuation method was employed to assess their non-market effects on local amenities, including the thermal
comfort of residents and city aesthetics, revealing that the non-market effect of the green-roof installation was 1.72 times
greater than that of the cool-roof installation. This is because the former could ameliorate not only thermal comfort but
also other amenities, while the latter only improves thermal comfort. To synthesize, the green-roof installation policy is
economically more feasible and meaningful than the cool-roof installation policy. Finally, this study suggests a policy
direction for urban heat island mitigation based on the results obtained.
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Table 1. Cost-Benefit ltemization of UHI mitigation policy

Divisions Items
Installation costs
Repair & Replacement costs
Costs

Maintenance costs

External costs

Energy (Electricity) reduction

Economic effects : —
Regional economic vitalization

Environmental

Benefits effects

CO, reduction

Health promotion

Social effects —
Amenity improvement
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Table 2. Classification of effects of UHI mitigation policy
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Divisions Items Quantification Valuation Class Note
Installation costs O O Market effect
Repair & Replacement costs O O Market effect
Costs Maintenance costs @) @) Market effect
External costs X X Non-market effect
- Eye Strain
. Energy (Electricity) reduction O O Market effect
Economic effects : E——
Regional economic vitalization O @) Market effect TP
Environmental . ’ Using Europe
' offects CO, reduction @) X Non-market effect Carbon Market Pice
Benefits
Health promotion @) O Market effect
Social effects Amenity improvement
- Thermal comfort improvement X X Non-market effect

- Ancillary amenity improvement

O: Possible, X: Impossible,” TP, Transfer Payment
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Table 3. Installation cost (unit; won/m?)

Divisions Cool roof Green roof
Installation 47,800 201,600
cost

. -Max: 741,024

. _ ?ﬂg\fm?s%isei al,2005) (reoandJung,2013)
Evidences o K - Min: 128,500
-Min: 6,111 T
(Mankiewicz and

(Levinson et al., 2005) McDonnell, 2006)

H 4. MYE MR ESHA (T2 m?)
Table 4. Installation areas by policy (unit; m?)

Divisions Seogyo Jangwi Jamsil 5th
-dong District#4 complex

Cool roof 134,617 65,443 40,440

Green roof 50,001 13,636 0

EX ZEUSePETIEH(2019)
Source: Korea Agency for Infrastructure Technology Advancement(2019)

5. AR AR S 7|22 (HY: °C)
Table 5. Temperature change due to the policy (unit: °C)

L Seogyo Jangwi Jamsil 5th
RISions -dong District#4 Complex
Cool roof 0.41 0.20 0.91
Green roof 0.43 0.28 -

=X ZEUSHT[ETIS3(2019)
Source: Korea Agency for Infrastructure Technology Advancement(2019)
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Table 6. Results of willingness to pay models by policy

L Cool roof Green roof
Divisions

#1 #2 #1 #2
Constant 0.617*  0.408 11027 0144
Bid -0.033* -0.034*** -0.034*** -0.035"**
Gender
Age
Education 0.251*
Income 0.327%*
Residence -0.312**
Log-likelihood -425907 -421.304 -311.690 -307.050
AlC 855,814 850.608 627372 620.100
B.I.C 863.418 865816 634.150 630.267

Gender: 0. female 1. male

Age: 1. 20s 2. 30s 3. 40s 4. 50s 5. 60s and older

Education: 1. middle school graduate 2. high school graduate 3. bachelor's
degree 4. advanced degree

Income: 1. under one million won 2. 1-3 million won 3. 3-5 million won 4.
5-7 million won 5. 7-9 million won 6. more than 9 million won

Residence: 0. my own house 1. other types

*p<0.01, ** p<0.05, ** p<0.001
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Table 7. Values and rates of willingness to pay per year
(unit: won/year)
B ; i Jamsil 5th 8. HZHHAIMTIS Ot (T wHEr)
L eogyo angwi  Jamsi ) TR
Divisions ‘dong  District#4 Complex Average Table 8. Annual non-market effects (Unit: million won)
A Al Seogyo Jangwi  Jamsil 5th :
18,423 19,507 19,278 19,069 Divisions ot Period
Cool roof (68.8%) (66.4%) (67.9%) (67.9%) -dong District#4 Complex
e oot 33086 32568 ] 32807 Cool roof 176 166 146 Every year
(79.8%) (70.0%) (74.8%) Green roof 366 293 -
9. ZAS2A 2 (B0, 849t 2)
Table 9. Cost-benefit analysis results (Unit: million won)
L Jamsil 5th
Seogyo-dong Jangwi District#4
Divisions Item Complex
Coolroof Greenroof  Coolroof Greenroof  Cool roof
Installation costs 6,441 10,078 3,131 2,748 1,935
]'c\f/'eacrfset € Repair & Replacement costs 3,492 5,463 1,697 1,490 1,049
Costs Maintenance costs 1,032 1615 502 440 310
Non-market  External costs” ) ) ) ) )
effects - Eye strain
Total cost 10,964 17,1565 5,330 4,679 3,294
Energy (Electricity) reduction 2,272 2,383 469 657 2,248
Market Regional economic vitalization? - - - - -
effects
Health promotion 2 2 2 3 6
Benefits CO, reduction 191 201 39 55 189
Non-market  Amenity improvement
effects - Thermal comfort improvement 2,963 6,173 2806 4,938 1,150
- Ancillary amenity improvement
Total benefit 5,428 8,759 3316 5,653 3,593
B/C 0.50 0.51 0.62 1.21 1.09
NPV -5,536 -8,396 -2,014 976 301

Y External costs are included in the amenity improvement benefit

2 Regional economic vitalization is the transfer payment (TP). Hence, it is not considered in the analysis
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Appendix 1. Units of market benefits and CO, reduction benefit

Divisions Items Units Evidences
Energy reduction rate per climate 3(%/C) Akbari (2005), Ministry of Land,
Energy (Electricity) mitigation ? Transport and Maritime Affairs (2009)
reduction i ;
Energy price 111160 (ronkwn) - KCrea Flectic Power Corperation Cyber
Energy Reduction Rate per Climate o/ 19 . .
Mitigation 3(%/C) Same as Energy (Electricity) Reduction
CO, Reduction CO, Reduction per Energy Reduction 0.4594 (tCO,/MWh)  Korea Energy Agency (2019)
00, Price 20374 (Won/tC0,) Korea Excange ETS Market Information

Platform (2018)
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Appendix 2. Annual market effects and CO, reduction benefit (Unit: million won)
- _ Jangwi Jamsil 5th g
Divisions  Effects Seogyo-dong District#4 Complex Period
Installation costs 6,441 3,131 1,935 Once at initial year
Market costs ~ Repair & Replacement costs 1,288 626 387 Five year period
Maintenance costs 64 31 19 Every year
Cool roof Market Energy (Electricity) reduction 78 23 102
benefits i
Health Promotion 0.11 0.11 0.35 Every year
Non-market .
benefit CO, reduction 7 2 9
Installation costs 10,077 2,748 - Once at initial year
Market costs  Repair & Replacement costs 2,016 550 - Five year period
Maintenance costs 101 27 - Every year
Green roof Market Energy (Electricity) reduction 82 32 -
benefits Health promotion 0.12 0.15 E
very year
Non-market .
benefit CO, reduction 7 3 -
L RNERINER PSR INBES
Appendix 3. Basic statistics of willingness to pay
Seogyo-dong Jangwi District#4 Jamsil 5th Complex
Divisions
person rate (%) person rate (%) person rate (%)
Valid Samples 109 - 110 - 112 -
Male 55 50.5 63 57.3 63 56.3
Gender
Female 54 495 47 427 49 43.8
20s 21 19.3 22 20.0 19 17.0
30s 32 29.4 39 355 22 19.6
Age 40s 19 17.4 25 22.7 19 17.0
50s 26 239 18 16.4 33 29.5
60s and older 11 10.1 6 55 19 17.0
Middle school graduate 2 18 1 09 1 09
. High school graduate 34 312 22 20.0 36 32.1
Education
Bachelor's degree 64 58.7 7 70.0 68 60.7
Advanced degree 9 8.3 10 9.1 7 6.3
Under one million won 9 83 7 6.4 4 36
1-3 million won 23 21.1 31 28.2 24 21.4
3-5 million won 36 330 39 355 31 277
Income
5-7 million won 32 29.4 20 182 12 10.7
7-9 million won 35 32.1 9 8.2 19 17.0
More than 9 million won 2 18 4 36 22 19.6
. My own house 63 57.8 62 56.4 72 64.3
Residence
Other types 46 422 48 43.6 40 357
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Appendix 4. Response distribution by Bid

Responses (person)

Regions Divisions  Bids (won) No willingness Total
Yes-Yes Yes-No No-Yes No-No

5,000 13 2 1 9 9 25

10,000 8 5 4 11 11 28

Cool roof 30,000 4 6 7 11 8 28

50,000 7 6 4 11 5 28

Seogyo- Total 32 19 16 42 33 109
dong 10,000 12 7 1 5 5 25
15,000 9 4 9 6 6 28

Green roof 30,000 7 5 6 10 9 28

50,000 7 9 6 6 2 28

Total 35 25 22 27 22 109

5,000 18 1 0 7 7 26

10,000 14 5 1 10 9 30

Cool roof 30,000 4 6 3 15 14 28

50,000 6 8 2 10 7 26

Jangwi Total 42 20 6 42 37 110
District#4 10,000 12 8 0 6 4 26
15,000 13 2 6 9 9 30

Green roof 30,000 7 4 4 13 13 28

50,000 6 7 4 9 7 26

Total 38 21 14 37 33 110

5,000 10 7 0 12 12 29

10,000 4 4 5 15 14 28

éf)r:‘nil'eim Coolroof 30,000 4 10 2 1 7 27
50,000 2 5 4 17 13 28

Total 20 26 11 55 46 112
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