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Recently, concerns on the air quality in North Korea (NK) have been growing in South Korea (SK). However, the

data on the state of the air quality are scarce with low reliability. In this study, the trends of the annual mean PM, s concen-

tration weighted by population in NK by region were figured out. And major factors influencing the PM, s concentration, the

status of the air quality management, ways to improve the air quality in NK were discussed. The effects of the coal-fired power

plants, and the western and the southern parts of outside of NK to the PM, ; concentration in NK were estimated about 13%,
25% and 27%, respectively. Based on the data produced by NK, the carbon intensity in 2000 was 4,872 kt/Mtoe, about 2.2
times of SK. Despite of low level of energy consumption in NK, at about 8% of that in SK in 2000, the emission amounts of

carbon monoxide and sulfur oxides in 2000 were reported to be about 2.7 times higher than SK. The emission intensities of
carbon monoxide and sulfur oxides in 2000 were calculated about 33 times higher than those in SK.

Key words: Air quality in North Korea, PM, 5 concentration in North Korea, Effect from China to North Korea, Cooperation of

atmospheric environment between South Korea and North Korea
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o] Axte Rt 34 X}EQ}«] H| 1 ZYE A|A|
SHA] eFdth= REAIZE QLA oFA7EA] Q1A = oA
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%2 AAE E 71 7] (Organisation for Economic
Co-operation and Development, OECD)®l|A] PM, s7}
ohE L F=EE Hlel AFgE9] A%l H g2
T2 =l gdste] ti7] F PM,soll g =5

£ S MAZZ] & (Green Growth Indicators) 2] ot
2 A A5+ (OECD, 2017). 12|11 OECD 3] H=
0 ofet Hoks 2IkRt BHSU=9] PM, s kS
5L (Mean population exposure to PM, ;)& 5 EA A
5 (OECD, 2018) = A|&-5H%H. OECD (2018)°= &
SHO] Al TR7RA] O] A 2Tt A | &
2o B Fh RS mpesh=t]| 485tk

Eto] 5A| 7]kl Al&]t =7} HALA (UNFCCC,
2016; NCCE, 2012; UNEP, 2012a, 2003; MLEP, 2000),
A7/ A A (Clean Development Mechanism,
CDM) AFAIZ A (UNFCCC, 2017) 5ol AlA1E of
U 2] A 2A47EA vES 5 SRto] 213 ALt
oF Bt ti7|ebd ¥ s E E8ch=s A k3 &
g O71878& stefstet] kgol B Zos wet
=tk (Yeo and Kim, 2018).
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2.1 S8te| O|MEHEX|(PM,5) S A&

2 Aol A A 53]F PM, 5 55 (OECD, 2018)
= A|AAHET (Global Burden of Disease, GBD)
2017 Z=2AE (IHME, 2018)°|4] 5% (Shaddick et
al., 2018)3F Zlo]t}. OECD (2018)°= 53] 1171
A0l 1837 AlEtoll TRt 1998~2013, 2015
PM, 5 =7k A A = ATt

OECD (2018)°14] AAISH= PM, 5] sk A%
7|5k Q1A AR E E-g5to] QIF 7HEAE ALt
o FAHA. AA 79k Q= v= s
(National Aeronautics and Space Administration,
NASA) A8 A A& 9
Data and Applications Center, SEDAC)®] A=} 7|9t
AA 17 (Gridded Population of the World, GPW
v4.0) 225 -85 (OECD, 2018).

GBD 2017 Z2AEA PM,, 5= 47 =
d, 7Fset A5 A gS5aol ST 2y A
AE ARE A2A 7153 A=A (Geographically
Weighted Regression, GWR)5}4] 0.1°x0.1° S
2 T Z35}91th (van Donkelaar et al., 2016). 912 914
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2foto] 38l (GEOS-Chem) Aot A3t
Z1o]t}(van Donkelaar et al., 2016).
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From China
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* Assumption: No difference
among regions in NK
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** Removal efficiency is also not
different among regions in NK
but reflects status of air quality
management.

External impact

Fig. 1. Factors determining the concentrations of air pollutants in North Korea by region.
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Table 1. Annual mean PM, 5 concentration weighted by population in case (A) with/without the coal-fired power plants, (B)
East and West regions, and (C) South and North regions in North Korea.

A (Coal-fired power plants)

B (East vs. West)

C(South vs. North)

Year
(a) With (b) Without (a)/(b) (a) East (b) West (b)/(a) (a) South (b) North (a)/(b)
1998 26.5 233 1.13 19.7 28.1 1.43 284 21.0 1.35
1999 20.1 18.5 1.08 15.7 21.5 1.37 216 16.7 1.30
2000 25.2 224 1.12 18.5 27.0 1.46 26.1 21.2 1.23
2001 27.6 24.7 1.1 18.6 30.7 1.65 30.6 21.1 1.45
2002 24.6 214 1.15 18.4 258 1.40 25.0 20.9 1.19
2003 283 252 1.12 219 29.7 1.36 29.2 241 1.22
2004 234 20.5 1.14 17.3 24.8 1.43 243 19.5 1.24
2005 243 219 .1 184 26.0 1.41 25.7 20.2 1.27
2006 26.3 23.7 1.1 20.1 279 1.39 27.3 224 1.22
2007 239 21.7 1.10 17.7 259 1.46 255 19.9 1.28
2008 25.6 234 1.09 18.8 27.9 1.48 273 213 1.29
2009 27.2 254 1.07 21.5 29.2 1.36 28.8 235 1.23
2010 23.0 21.0 1.10 174 24.8 1.42 239 20.0 1.20
2011 21.5 18.6 1.16 153 23.0 1.50 223 17.6 1.27
2012 19.8 17.9 1.10 143 21.5 1.51 214 15.9 1.35
2013 259 242 1.07 194 285 1.47 28.6 211 1.36
2015 32.7 29.3 1.12 239 353 1.48 32.8 29.2 1.12
Avg. 25.0 225 1.1 18.6 26.9 1.45 264 20.9 1.27
5 A9 55 5 Al vlal 53t AZo 9 = I1F A9, (B) 5% A% 157 A9, (C) §&%
AP FF) P EE IF AGL BE IF Y BE I§ Ao TR Husle ddar)
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Table 2. Classification of regions, and the selected regions reflect effects of 1) the coal-fired power plants, 2) the western part
of outside of North Korea (NK) (China), and 3) the southern part of outside of NK (South Korea).

A (Coal-fired power plants)

B (East vs. West)

C (South vs. North)

Region
With Without East West South North
2) Effects from western part
Chagang-do (0] (0] of NK (China)
Hamgyong-bukto (0] (e} o 1) Effects of the coal-fired power
Hamgyong-namdo (0] 0 o plants
Hwanghae-bukto (0] (0] (0]
Hwanghae-namdo (0] 0] 0]
Kaesong-si o o
) 3) Effects from southern part
Kangwon-do © © ° of NK (South Korea)
P'yongan-bukto 0] (0] (0]
P’'yongan-namdo (0] (0] (0]
P’'yongyang-si o 0 0
Yanggang-do 0] (e} (0] Background area
g ottt HiE, AU A 3T d7ledE “’ N
A HEE, oliteteta viEET diVjedEd HiE "ﬁgb s R
- _ = " 5
e Sajitete} v wste] EAstect. : N N S
_ L= 2 ’ o’
Bato] A7) ASE RuAL} AAALN  E
(UNFCCC, 2017; MLEP, 2012; NCCE, 2012)°] AJA] § 151
Aol Sulg oS 9 e gRd e 2
= o & - = A s -®-National average &~ P'yongyang-si
I A2 5 B o5 ArE Bl H
A QArstThe Ho A B3l o)Ho| A =A% 2p= 1998 2000 2002 2004 2030(:;“ 2008 2010 2012 2014
Sof s Bt AeE & Wt 2oz 7
Fig. 2. Trends of the annual mean PM, 5 concentration wei-
drt ghted by population in North Korea and Pyongyang bet-
ween 1998 and 2015. Values in 2015 (raw data: OECD, 2018).
Values in 2015 are estimated (OECD, 2018).
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3.1.1 28to| oI 7}= O|MHX| (PM,s) SE AHTh FHAEo] Hst] Qa1 A-Eat Aol
%0 U Aom didEs BEe] d8d PM, 5 57t
A 2001 W7 B3] PM,s A FEE 25y B BT Erhe AS B9 B oA FAH
m’e] 7SItk (2 2). A 200] WZF Hoke] ol wjEo] olgt Aol qlrks AL olet 4 9t
PM,; A FEE 2 A8 glol 3W ol 37 @ BYAL BaY dAEe] Sixste] BaY 5
T —irol% A&t 7122 A9 §ldled, & 9 BE) Y215k A GEd HlE] Ftolu -8
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Fig. 3. PM, 5 concentrations by region in 2000, 2012, and 2015 in North Korea (unit: ug/m?) (raw data: OECD, 2018).
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Table 3. Differences between Yanggang-do and the selected regions reflect effects of 1) the coal-fired power plants, 2) the
western part of outside of North Korea (NK) (China), and 3) the southern part of outside of NK (South Korea).

Effects from western part 3) Effects from southern

i 1) Effe f th I-fi |
Base region ) Effects of the coal-fired power plants of NK (China) part of NK (South Korea)
Year a b1 b2 c d
Yan( )an = Harrf Ln - Harrf Ln - (b) (a)-(b) Cha( z)an - (a)-{c) Kan( \:/on— (al-(d)

99ang gyong gyong Average  Difference 9ang Difference 9 Difference

do bukto namdo do do
1998 15.6 18.0 21.6 19.8 4.3 20.7 5.2 234 7.8
1999 12.6 14.6 16.9 15.8 3.2 16.7 4.1 18.7 6.1
2000 16.1 16.0 211 18.5 24 23.7 7.5 20.8 4.6
2001 15.2 15.8 194 17.6 2.4 22.6 7.5 241 8.9
2002 15.5 183 19.6 19.0 3.4 22.0 6.5 20.2 4.6
2003 18.6 21.5 22.6 221 3.4 244 5.7 24.8 6.2
2004 15.6 16.6 184 17.5 1.9 19.8 4.2 18.8 3.2
2005 17.0 17.7 19.3 18.5 15 19.9 29 19.8 2.8
2006 18.2 18.6 214 20.0 1.8 22.7 4.6 224 4.3
2007 16.4 15.8 18.7 17.2 0.8 20.8 4.4 20.0 3.6
2008 15.5 16.2 20.2 18.2 27 239 8.4 235 8.1
2009 19.7 19.7 222 21.0 13 25.2 5.5 24.2 4.6
2010 14.8 16.1 18.8 17.5 2.7 22.2 7.5 20.0 53
2011 14.0 14.0 159 15.0 1.0 184 4.4 17.2 33
2012 11.2 131 15.2 14.1 3.0 17.2 6.0 17.7 6.6
2013 16.0 17.9 20.1 19.0 3.0 22.1 6.1 23.6 7.6
2015 23.1 229 243 236 0.5 333 10.1 25.2 2.0
Max. 23.1 229 24.3 23.6 43 333 10.1 25.2 8.9
Min. 11.2 131 15.2 14.1 0.5 16.7 29 17.2 2.0
Avg. 16.2 17.2 19.7 18.5 23 221 5.9 214 53
Difference/Average 12.5% 26.8% 24.6%
FAIS TRt AQdok 6k of] 7S & AHor AAHEAH, Bt U F2A Q1 el tig
Sff AFFSkl] el 2t wol @E- et AES 4 e AWE =5 4 oS Aot o F
HUES] St PAER B Ol§7h A7 FF Q] ool A 4 = BHE BESHL A
v ejuhete] Gkl oJgt Aolztar AEWE7= < G R FFS EEcte] mRefely] QA E
oYt IRlol® ZF 88 J3F 7He A= AASH EE dE 2 TR0 QU the =7 |dElo]
40 Ho s Pt a9 AASHrE A WS S8 Ao waEw, AR U-gof tish
oA oJu]7} S Aol 3.3 A =25ttt

5ol 7] F di71eded F=ollA =#2<
Ak} 9JH ko] gt 7]oiE 2 Hekgo 2 utob
sho] BRte] ti7]d i< St FAA Q) Jiete &=
E3517] QIsiAE 4S5 Qs Bt ANTE 5
T 2bm ot A4 vl 5O A E gt Eojof &
Zlo]tt,
B3t A E Sejuate] 7|82 2] AR ~] (Clean
Air Policy Support System, CAPSS)¥} Zro] E24,

AIFAGE, viEdd d7leded wiEdel AA

_I

3.2 S=gto| ti7|etA@2a| dejet nE

3.2.1 25t9| EtA LT
IEA (2018a)°]14 543t 20160 B3t & A7
ZHe 68.8 tCO/TIE 2016 AT} AXH 17570
7t 16HA R =0Th R FoUA] 4H]
F olaksleta WSR-S ofn|gitt -2 of AlAIE
7} SEate] A= 747 56.1, 49.8 tCO,/T)
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Table 4. (a) Energy supply, (b) emissions and (c) the ratio of emissions and energy supply of air pollutants (carbon monoxide,
nitrogen oxides, and sulfur oxides) and carbon dioxide, and (d) the ratio of air pollutants emissios and carbon dioxide emis-
sion in 2000 in South Korea (SK) and North Korea (NK), and the ratio of SK and NK.

Year: 2000 South Korea (SK) North Korea (NK) NK/SK

(a) Energy Supply (Mtoe ) 188 15 0.08
co 901 2,448 2.72

. NO, 1,123 169 0.15

(b) Emissions (kt 50, 491 1,207 264
Co, 410,800 73417 0.18

co 4.8 162.4 33.94

L NO, 6.0 11.2 1.88

(c) Emissions/Energy Supply (kt/Mtoe) 50, 26 86.1 33.00
o, 2,183 4872 2.23

co 0.2 33 15.21

(d) Air pollutants emissions/CO, emission (%) NO, 0.3 0.2 0.84
S0, 0.1 18 14.79

o|glct. BitellA ApA|H o= A4kgt A= (NCCE,
2012)5 &-85te] A 20004 E3He] BATE
(E 4)= 4,872 kt/MtoeZ T2 3 $-2jutet A7t e
°1 2,183 kt/MtoeX th T H| o]AF & ZkS YEhgL
=

SAEE oUR] G0l Yo glo] A1, A
7 Fulee e wheth HEjE A 2] (A4
o], YAFe oY) 5) HlFo] ForAH Fro] 2t
ofx| 11, sFA g 7] H|Fo] wAL S o] Fof
A A ARG H|Fo] = O/ gho] Xt

o2 FoUA] &[] 70% oldo] Agto s
oA Qlo] (IEA, 2018b) =2 A&k AL H|Fo] B
2730 Gk FI& Aoz WAL} Yeo and
Kim (2018)°] 2o}, BtollA] A H oz xYatsh
AAaE E8ote] A 5 Aekste] s ol
2007955 2009d7k2] o] B HARES °F 23%
B2 22 712k 9F 39%<] -ejutetet AlAE ol Hls)
o wrom o] A eAZE] FFS FUS A

| P I | s S A= ol i == o S s B
Yol Mgistel SAelA ] o] tatets v
& 7} (emission performance)= 2F 1,500 gCO,/
kWh=z, 22 7|3t AlAgwolu 92kt 3L (IEA,
2011)21 2F 900 gCO,/kWholl HI3] 1.78] 7}=F 2ot

o,
st
e
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Fig. 4. Emissions of carbon monoxide (CO), nitrogen oxides
(NO,), and sulfur oxides (SO,) in South Korea (CAPSS data
(NIER (2018)) and North Korea (data produced by NK (NCCE,
2012)) in 2000 and 2002.
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Fig. 5. Trends of emission intensities of carbon monoxide
(CO), nitrogen oxides (NO,), and sulfur oxides (SO,) in South
Korea between 1999 and 2015 (raw data: NIER, 2018; KOSTAT,
2017).
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Fig. 6. Emission trends of air pollutants in North Korea (NK)
(data produced by NK (NCCE, 2012) and from various out-
side sources, Greenhouse Gas - Air Pollution Interactions
and Synergies (GAINS) (IIASA, 2017), Regional Emission
inventory in Asia (REAS) (Kurokawa et al. 2013), Kim and Kim
(2008), Son et al. (2002), and Jung et al. (1996)).
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Fig. 7. Energy supply trends in North Korea (NK) (data pro-
duced by NK(NCCE, 2012) and from various outside sources,
EIA (2017), IEA (2017), KOSTAT (2017), and Nautilus Institute
(2012)).
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Table 5. Measures proposed in the Intended Nationally Determined Contributions (INDC) of North Korea (UNFCCC, 2016).

Mitigation measures prioritized for conditional contribution

1.To reduce power transmission and distribution losses to 6%
2.To build 2000 MW nuclear power station

3.To install a total of 1000 MW grid connected solar PV systems
shore wind farms at the Korean West Sea

4.To build a total of 500 MW West Sea off —
5.To build a total of 500 MW on-shore wind farms

6.To use energy-efficient air conditioners and heat pumps instead of coal-fired space heating at households and offices
7.To use biogas from livestock manure and domestic sewage instead of coal or firewood for cooking

8.To replace coal use for hot water with solar hot water system at households

9.To replace conventional wood stoves for cooking with efficient wood stoves at rural households

10.To build the rice husk cogeneration plants

11.To building centralized compositing facilities to collect and treat municipal solid waste
12.To replace the old subcritical coal power stations with ultra-supercritical coal power stations
13.To increase additives (blast furnace slag or fly ash) from 15% to 50% in blended cement

14.To build biogas plants treating municipal solid waste

15.To replace conventional coal stoves for cooking with efficient electric cookers at the households
16.To reduce 25% of energy consumption in industry through technical modernization by 2030

17.To replace tunnel brick kilns with vertical shaft brick kilns
18.To introduce the Bus Rapid Transit systems in large cities

19.To scale up agroforestry and sustainable forest management

W oitstetAe: 7SS 187.73 MICO,2 =
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Table 6. Priority projects for financing of North Korea (NCCE, 2012).

Projects

—_

Cross-cutting Project

. Establishment of National Climate Change Centre and its Capacity Building

GHG Inventory Projects

w

2. Development of GHG Inventory Strategy and Capacity Building
. Preparation of Biennial GHG Inventory in DPR Korea

® N o U

Mitigation Projects

Promotion of CDM Project Activities in DPR Korea

Capacity Building of the Centre for Rational Use of Energy

Clean Production and Energy Efficiency

Energy Efficiency Standards and Labeling in DPR Korea

Climate Change Technology Needs Assessment in DPR Korea

9. Chongchon River Cascade Hydropower Generation Project (CDM Project)

10. Replacement of Incandescent Lamps by CFLs/LEDs (CDM Project)

11. Capacity Building for Sustainable Forest Management

12. Production of Energy, Fuel and Fertilizer from Municipal Solid Waste
13. Capacity Building for Integrated Management of Solid Waste

14. Improvement of Climate Information Service in DPR Korea

15. Improvement of Observation Network in DPR Korea

16. Capacity Building for Integrated Water Resources Management in the Teadong River Basin
17. Recovery of Degraded Forest and Firewood Forest Management in Community Areas

Adaptation Projects
coping with Climate Change

18. Capacity Building for Integrated Management of Coastal Zones
19. Promotion of Development and Dissemination of Advanced Agricultural Technologies for

20. Control of Forest Pests Outbreaks by Climate Change and Integrated Forest Pest Management
21. Improvement of Ecosystem Conservation System in Coastal Zone of the Korean West Se
22. Capacity Building for Improving the Community-based Disaster Management System
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Table 7. Project proposals of North Korea (UNEP, 2012b).

Project proposals

1. Capacity building for environmental monitoring and early
warning

2. Capacity building for the implementation of Clean
Development Mechanism projects

3. Capacity building on legal and regulatory framework for
environmental management

4. Establishment of the National Cleaner Production Center

(NCPCQ)

Capacity building for integrated management of solid waste

Production of energy, fuel and fertilizer form municipal solid

waste

7. Development of environmental management decision
support system

8. Improvement of the national system for nature reserves their
management

9. Preparation of an action plan for the rehabilitation of wetland
ecosystems
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