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1. 7|28=E dofg =8| I
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=, Ay, o=, 4 S5 F8 =S 715t 4ekE AlEste] UARE BUHAI =9t
1 uig, HA 24 Sl ditt FAIA] 2AF | 242 ol dE 21(2022)2F °lF5 9
(2023b)] AFAFE &3 +BE Bt et ol & AFolld= sl A 2= e

% 29)0] LAtA PR Wl W WA} S ek B vl&stuAt dek

’l. 8=

G=r9] 2A47EA T A IFE7E A3 9 B2 [EMA(Institute of Environmental
Management and Assessment)2] 20179, 202249 ¥7H=9] ‘Environmental Impact
Assessment Guide to: Assessing Greenhouse Gas Emissions and Evaluating their
Significance oA AlRH o0& 475t 9lon, 87} AAH= D Screening @ EIA scoping
® GHG emission assessment @ Significance & Mitigation ® Communication &
Reporting HAZ #4450} 3t} A7EA wiEFo] tiet 9T A5 Al ®ee ofhiet
Zo| 11787t

- AZEA 9 Ho]AERI(IE HED), A R 29 Al SiAl Al
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- 7R H9 i ARAA S, T AR R QI F7F A4 A
- HiEF AP A8uE / 7HEiE /[ AR A (Embodied carbon)

- H}&%F AF9AL: GHG emission factor x Activation data = Emission or Removal

W& o2 TS vioR SU7A 5L 98] AU Carbon footprin) e E&
slo] AZER U AL vis], BauRRe Beo] A Bd e

AR HiESE Activity data X Emission factor X Global warming potential

e + Early mitigation is a key aspect of an ElAas

Mitigation it enables maximum GHG reduction

Hierarchy? + PAS 2080, EIA GHG emissions mitigation and IEMA GHG
hierarchy provide a structure for effective mitigation

MITIGATION

+ Screening establishes whether an EIA is
required for ‘Annex I’ developments
EIA required? + ‘Annex I developments by definition require an EIA

SCREENING + Where an ElA is to be undertaken based on
PROCESS other factors, it is envisaged that the assessment

would include GHG emissions assessment as a

matter of routine as a precautionary approach

GHG Assessment
required?

« Engage with stakeholders
(e.g. local planning authorities, clients etc)

« Consider the nature of the project - what is the

Identify GHG project’s purpose?

SCOPING TS « Identify key contributing GHG sources o activities
where possible

EEGEESS « Establish the scope and methodology of the GHG
assessment

Scope and
+ Step L: Set the scope and boundaries of the assessment:

Baseline System Boundaries and the Temporal Boundaries.
+ Step 2: Develop the baseline: Current,
Future and Alternative

GHG EMISSIONS

ASSESSMENT Assessment « Agree the calculation and data collection method
Methodology + Calculate which activities are included/excluded
« Gather activity data for the proposed project
« Assign GHG emission factors
+ Assess the data quality in line with PAS 2080

Mitigation

- + Once the magnitude of emissions have been
Opportunities determined mitigation measures should be proposed
R - Assessment should be proportional

to the project size and type

Are emissions Al GHG emissions from projects will contribute to

significant? climate change and may be considered significant.
This s in line with [EMA's Climate Change Principles.

+ How should the GHG topic be reported
COMMUNICATION/ Communicate in the wider EIA process?

REPORTING findings « Isitaseparate topic/chapter or can elements be
integrated into relevant ‘conventional’ topics?

A= IEMA(2022), p.8.

EEESN 970 247t 82 1wt w9l o A

Lt FHLECE

7NUth= Federal-Provincial-Territorial Committee(SH-F-A4} YL3])o] oJ3f 374
gggrlo] 715HsE It TEARRS EFSIEE 200349 ‘Incorporating Climate
Change Considerations in Environmental Assessment: General Guidance for
Practitioners Zh= A& stk £ o ARlC2E ofjux|(+d, 2, dAHd,
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7t. US Highway101/Produce Avenue Interchange Project
(0=, ZA2ZEL|op)

1) AHIHQ

2 AFJS vl= AP EYolE San Mateo 71#E| South San FranciscoA] W US1019]
21.3~21.791d k& = US101S 7H=AIEw 71 -4 WU 9428 d4dsk=
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US101/PRODUCE AVENUE INTERCHANGE
BUILD ALTERNATIVE

At&: Caltrans(2022), p.1-6.

US Highway101/Produce Avenue Interchange Proiect] Ali=M
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HiSES SHY0E 2Mdstlon, of2gt 82 =] 7| HStIFE 7T A4 AT FAF
St Ao g ERlHETh 2AVIA HiET AP TAF A9t 29 A= TSkl flon, HE
E4 ndlS g8sto] uiEFS Aottt 3AF A9l 49 RCEM(Road Construction
Emissions Model)& 8531, ol & 74 ZZAEQ] TAF A (7|FE4 ¢
ZAZIA HiEHE S5 Rt Al 7Hke] AnFEAERA SMAQMD (Sacramento
Metropolitan Air Quality Management District)o] 23] 7/ ¥ S-x32]=1 et
+F A9 e AR A 52 FESte] TeAE(20259), HRAE(20409), AAAE
(20459)9] WEHFES 47 FHEoto] 2ATEA HiETFS A AAISIAL ot 29 Al 24
712 WSS Caltrans CT-EMFAC2017 22E &85t} o] e Ajxuo} w5=
(Caltrans)e] 7id3t Ao & =g9] wado fE 7| H9Ed R 2A7IL Higde 4
St FAF AlRF 2@ Al B REd Ado] tE HiET 4 1HERs] WAIskL qloH,
ol HiE FEEE B8y vWiEAS, A4 T e AN Al 9919] IS B BT

Aol Zgake Fle] WAl golst Zoz HaHr.

2020 2025 2025 2040 2040 2045 2045

Existing | No Build Build No Build Build No Build Build
Daily VMT | 1,117,915 | 1,127,743 | 1,126,771 | 1,157,225 | 1,156,578 | 1,167,053 | 1,166,514
CO2 135,925 | 121,718 | 121,376 | 109,098 | 108,760 | 109,015 | 108,666

Xt=: Caltrans(2022), p.3-49.
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gizos Blelt, 5] Azt QAR USI01S 7l5si] He o) 253 salo]
FoRt Ao WSk glom, F4ol ue wao] AZn 34 Sol 9 2910 28
o 2 902 7165k ek, AL EAIAIo] SN ARIAY] A oA 99 Akgol

ohd Zo® 7eks] WISt Qlrt, ole} 2L AT Wt AnE o o] A9 Ay
HQujie Setes Q7sha Qo) B WAL Agao] Be e AN

Qi) &, FdHoR 2 AR W7k 719} BlAanel isie] A oA WA, ARl
Aot = A flolle A4t HeHiAlE =EcP] ofse AR At

Xt=: Caltrans(2022), p.3-56.

1004 HiE ZZOoZ QIst US Highway101/Produce Avenue
Interchange Project| Z|Cf &= 70| 24 Zut

Lt. South Fresno State Route 99 Corridor Project(D|=t, Z{Z|ZL|O})
1) AHe

Aol M| AiA|o] YA du me At 7keElo] 912 American avenue®h
North Avenue®] 71 IEAAAE B4 AAdsts, @A) BelEU o} wEZO] 47
7120 B Mt S NG LEIAL A I8t Aol S Qe
AAAEE 19659 A0l B A @ T2 ugo] wFaglon], 72 Y 142
E57h e} ) BEFE +-831] the olel Aol ohed F-HYI} ohS
AgkElolo1A] o] AMERR S8k A7} i WAgelaL, thgERle] Bago] olelg)
A o] Bas) Bel,



Jensen Avi _—
NORTH /[%

Avenue CECILE

7 Interchange

Willow Ave

North Ave

.!.

Peach Ave

MALAGA

- | East Ave

ral Ave

iz}
]
3

Malaga Ave

American Ave

HIGH SPEED RAIL
/ 1
Minnewawa Ave
Clovis Ave

|_Jefferson Ave_

Cedar Ave

Lincoln Ave AMERICAN

Avenue
Interchange

Chestnut Ave

Clayton Ave | i

| Maple Ave

SV
Xt=&: Caltrans(2023), p.4.

South Fresno State Route 99 Corridor Project2| AL

2) Bre=

2 A}%m 34 %‘6&““87} e EZ]OH%, ARSI Aol T ARIA] @ 5 o)),
117} 2ol g 71t

7% ;} FEO LA 7123 A5 9] A HES WE UL 9l LA AR

7%1% MR R 5 B0 SALA 45 % O 2 3 4] Ul
o

2, mg
L
o

2-8sto] AFFskITE. SAF Al9] B9 AT EUof wE=ollA H 5 CALCET(Caltrans
Construction Emissions Tool)& 8330, ol= TAF A] HHAYsk= 7| &4 2
2A7IA HiERRE APgoke Hdo|t) s BEl2 AT o} WE=oA Alsks EE
A4ARIe St REEA Aejarrote] XA 27 o] HA 9 4] Al RHIS
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o] EAolt}, &Y Al= A A1939] -Fof wel American Avenue®t North AvenueE
T-2510] 20194, 20264 204699 AV el wE 2A47IA vl APgsiai o,
Caltrans CT-EMFAC20172 E-85I3ith & B7HA A REd 2] e viasd 4=
Z+eks] WBAISHL Qlvh 24A7EA ST

O
&3} BT A E o wELO| AL 245k A o
e

¥ % ws o & A =

QI B AIS B4 U 9% S/ oEls Al Wbl 271 s, T
TS AT AT AS AGstgon, BR] 49 S A2 9T 1T A
AR O 7SS ik B W/IE LAV 1453} 7159)7] A gThde] dhslel vlmA
ceR HQRES AAISHL Sl Ao BHEl, ) Z1SEsigREviet gl FA2eln
ekt B AT WA o AAo] o]Rojxx) g Aoz SelEr)

Ct. Highway 400 to Highway 404 Link(Bradford Bypass)
(GHLICE, 2EH2]2)
1) A
2 AR Ayt e ER9] Highway 4003+ Highway 4045 A25k= 4244

NEE2S Al AHske AR F A2 16.2km=E AGHUT ARdA W Al
AEARIR}F wF A glo] 2et=|glom, A9 7 Aago] & 3 HIA /iAol =2



TOWHN OF BRADFORD | %
WEST GWILLIMBURY

TOWHN OF EAST
GWILLIMBURY

At=: Lake Simcoe Region conservation authority(2022.11.22), “Statement on the Brad
ford Bypass Project”, ZAA: 2024.8.20.

Bradford Bypass2| AtgLM

2) Bret=

WK R AR A4 -5} SR TEste] Hops A
e ok 4 e, olR(HAX] B, A5 W Se) 4D Hokg B 9)
AF3A) B ok EXjolg, 28-4F, 1, WIS

oIt} ok 8 Holo] A A% 94 Ul B

e
ook
i
filo
o,
N
3
o 3B
ol

ol

AL 1E ¥ 2%, sk 9 x|Hkgoh

S} Pl 2AVA e 7]997] A3 FEo R FEEY, 2 BT Y A =24
A HET AP H71E ol 3= 0] Slnh SAF Al HiET AR AAEA] eiglor,
£ A9 A AFdieAle] A AM Ax(20419)0] WEHT AlRFEE(100km/h)E 118
Sto] 201949 o] 2B Q. 5 F2o] 2A7EA HiET thH| AR 9] 7] (SF 6%)E
715k o] 7P & B o= ERIHE HiEsF AFd-2 MOVES(Motor Vehicle Emission
Simulator)Zhs BES 8519101, ol w5 EPASIA 7dE T8 9 HER o5

Ao trle @ U LUk & 34wl
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Future Ontario 2019 Reported Greenhouse % Future
Contaminant Build (2041) Gas Emissions for the Transportation Build Project

(Mt) Sector (Mt CO2 eq.) Contribution
Carbon dioxide (CO;) 287 - -
Methane (CH.) 5.68E-03 - -
Nitrous Oxide (N.O) 3.06E-05 - -
CO; equivalent ? 3.04 518° 5.55%
Motes: 1. Mt= Megatonnes

2. CO:zequivalent was calculated for the Future Build Condition using GWP conversion for N2O
and CH4 (298 and 25, respectively)

At=: Ontario Ministry of Transportation(2023), p.346.
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2t. Two Lane Upgradation with Paved Shoulders of Paderu—Akaru
(up to Bhalluguda) Section of NH 516E in Andhra Pradesh(2Ik)

1) AI7HR

5% A3 el % TRtk £ AL Y £EE T4 A0S 2% 244 mRE

Mgt sAlol AF 7N, i gul, wE A ], weekd W Ald HA7)

%03 U8olu, ol o ohisty TR WEVA AT} 2197k Ad7hst wel
7lofstizt g,



KXt=: Ministry of Road Transport and Highways Government of India(2019), p.2-6.

NH 516E Paderu-Araku road 77to| ai&t

Xt=: Ministry of Road Transport and Highways Government of India(2019), p.2-1.

NH 516E Paderu-Araku +#7t

2) Bre=

BIES EY 9 A, A, Hig/s, 4, t71E, 42, A 52 Zeeka
2 AR 71E =2 AF T H AR ARFel sidshett, miAl
U AR SR b= A0E ERIFT 7|} B 2AVEA TR o]

AF =0 2 PHAER|E= ghoy} B 7149 L ‘Green Initiatives BF= B9
MEHZ E3) B Qo] w2 2A/IA HiEe day 9 Aog skl

e
Aqm g
i1
ol
o,
\
oM,
of,
02][5
i)

A vl ATkl WoAe] A9 A AlY B4 2 29 A 54 ndd ue
Fg3to] LATIA TS APFSIGOY, 2 BO] B9 B4 A S Carbon
Foot Prine] /1€ -8slo] Aol Aa-exk-Ade] H4e e nejsle] A7 A

slEhe AP AN Aol 2 Bl © HhE Ayl 48 vk, 2t Byl 35
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e AP I 52 FAIHCR AYER] Fgtor, sET A ke 328 280t
e 2o 29 Al AEF 52 LT AR HES A B WMol HA
SR R

mlo

71%97] ML B WO THEojRIA] gk Ao ShelEh, AR WA] T 913

oS Bl S AN At R AEAge] tig BdEEst @ Fesiae
BN A S TEieh Aga e sk ol S UL et SR
Aoz wEr

XtZ: Ministry of Road Transport and Highways Government of India(2019), p.7-7.
WERERDN NH 516E Paderu-Araku road AFH QFY CHEH CflA|

Of. Improvement/Widening of two lane with paved shoulder of
Khowai to Sabroom section of newly declared NH-208(2Ik)
1) AIH7HQ
E AFIS NH 208241 W Khowai-Sabroom 77HS% 134.71km)S tio2 &2 7|4t
AVEE AsE Aol 8 A Wgo 2 7|2 2204 2] 3 9 At 24
BA S 7= Y, A3 AA 5 B T A A, TR i AJAE] FfAolH,
ol Bl =29 1E TS Yoty =29| MPAE st} gt



START POINT

Xt=: National Highways & Infrastructure Development Corporation Ltd.(2020), p.1.

NH-208 Khowai—-Sabroom 7t

2) Bret=

EXolg, 9B/, d718 © AH@A A, 48, B, A71E, 234%, 1 9 g
Apsigt fbo] B W7t SapEigich, 79 mske] 49 A5 BAoIA] Aol T
o] FAT 4= U $EOF Whlo] AstEol, WES] BE LUK HES
7140 APgsted AAISIAL ek 91R/A BRI B4 AW 5o Qg HeE

U5 21 Qo] T WES /| F9] A4S TR U8 NS Ao wpuHc

3) 2&7IA HiET A, XISita Bt

29 4| TEFE Teflo] LUk wlEFS AgEls). IPCCe] MlEASE Hgsigon,
SEATE B9 AP L] UE LWtk HEFUS w2 PR gzt FEfo]
A} 0

AL A olF F9 7IE Ak HiH] 204092 AV wiETo] oF 2.58H
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GHG Inputs Emission Calculations (Tonnes)

GHG | Factor(g/l) | Diesel Fuel Travelling 2020 2025 2030 2035 2040
consumption | Distance(Km)
Litre per Km
travelling
o, | 2701 0.25 108.670 81.07 102.68 | 129.97 164.69 | 209.33
Chs | 0.153 0.25 108.670 0.0044 0.0053 | 0.0072 |0.0092 | 0.0117
Nzo | 0.102 0.25 108.670 0.0029 0.0037 | 0.0048 | 0.0061 | 0.0078

At=: National Highways & Infrastructure Development Corporation Ltd.(2020), p.165.

WIERESPA NH 516E Paderu-Araku road?| 2% Al 247tA HISE 4PY At
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Oregon Department of Transportation)Zt Portland General Electric(PGE), PGE2]
A2 FEYRI v]5-29Y(US Bank)o] ofdt 35-RIxt o4t Z2AERA, PGEQ] FRFY
SIARRI SunWayl, LLC7} 93t Ut} 3id Z2AEQ] 4F0 % PGEE t9] A9

s Al A5 25t FAsHAe 1D

- Sunwayl Z2HE Stf(104kW &2 571 A FHE 93t 65871 =d 71

- Wilsonwile £% 1-5 Baldock 714> ¥ ODOT 4 &Al°fl 1.97MW 529
Bd Z=AE A

- Clackamas County®] West Linn [-205 &5 2 QI X|¥9] 3MW Hg Z2AE

7K

11) ¥Rl 2292011), pp.94-97.
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Bere AR A e Q8 U8 AEd 5 et 71E0R A5
of QIS B3l 7hska uct.

This 104 Kilowtt ground- - Thé 1.75 Megawatt Baldock Solar
mounted solar array is at the Station
interchange of interstate 5
and Interstate 205. f'f ia
o (11

West Linn Solar I—liQH_F_*FQject

A2 8 2F2(2011), p,101; ODOT(2016), pp.6-72 EE5H0 XAt 204

WEREDEN @2|HF EjYE 1&E2

Lt. QAER 2|0} O]JAEZIT(Eastlink)

O|AER T 20059 A5t 2008WFE 7S BEIL Sh= 39%km] EERA WHE
oA 2HAZ & W8T AP R LYHL Sl o|AEYT= LA BAE
&l FRRE AFM HHSGE2 28 =2 A8 A A 24, eEAHo|A Y
TUE B A A S ol it 1E ZRAES S 84 A5 53
70789] BAI AR A7 2AE0] 22l FRues Yae oeies Sigle
4807hm’l| k= FAeME 4508 T179] 1inet @ AEH Uzjofe] EFAE] Akttt
FA19] HH2 dHE A9 S43 Hde] |HET {2 qfiolth1)

Infrostructure Assets Biodiversity, Habitat,
& Landscape

EE

KEY STATISTICS
St £55 Do e

d @l = 406 &

O 40k road

AtE: EastlLink(2023), p.10, p.452 EE5I0] MAt 2.

WEREDES @AEYUZ(0F O|AERIT AJNKIZE

12) BH, 2X1$42011), p.102.
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oFElE SHCE £k E2E, F 130km(EH F7F 65km)2] Zojoll HPIAIE diHlt
E= 1) A7t 57 B 3304 Eofrk v oF 281t tie) Ao s, 19571
EACIEETC T4 45 7Fs EAC1E 9270)7F viAI=|of AR 77k 24 9 A 852
AREShe HAiA O R 29I gt 8 7 E2 RS 54 9 {ATIIOR 2590,
7% the EAA Y n&eot vwstel wE et H aga A A4(SF 60% oV,

ofg7t Bglolo] 8% 9 Auhs theat 2rh1y)

- =2 2o ot A Ag Hask IUE UEF 29 A8

- ERg WS 4% AUEE 28 It

- A i) Aok 4% geEd, 2eke 5 44

- Ag9) 7% AV TEd £8 A4 9 FAR SAsk 1008 12 ool A
A%, ABE SAUS BEI 2 A B

- £ Ad0) B Ad 47 U Eshy He Has)

- £ njpe T ged A%, drledsgs 4

- §7|FEE WiETF 24412 BYER, oZ Saold] w8 AT

K= 8, REI2(2011), p.105.

_1E! 3-15 RSNl =Py aE== (0]

13) H4l, 2792011), pp.104-105.
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gt U= QL|1H| 0|2 =(Eco—Road)

AR FE A vlop] @t opleRRS Btk 13.7km Zole] YYHHER, 31 820mo]
48 TER7 ALY 5m ool AioR Atk 671 ol Bl BT W
shassb7] 9l8l AVasoich, VERUE Feb, QR SHAd/EE So| A4sks e}
2L Est] o] AaAge] e FFE Haskh] $Igk E¥at igfo] o]olxl
E2ol/|% sick Ee FHAEAL Qe T E2E UETA ol A Ful] Sl
AR Teit 71e Aavt §UE A WBHH E2e S oUH) o
2Eo] 79 WL thedt Yok

- AdeEE AT AAE Y

- 5B A5 HEAT PAE AT BB oF AR, 9w WA A%
- A9 EQO] A& £ 4 EopyEo] 1olE BE -
- AARAAVEE TR 9 WE 5O 5
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How climate change affects p——
the strategic road network P

This diagram illustrates some of the impacts of climate change
and measures we are laking o address these

Xt=: National Highways(2022), p.4.
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What's the risk to our roads?

Xt=: National Highways(2022), p.11.
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= HISZ(A) 0
+& O
S=/4¢ O
HiE At o}
71y 0
H7|E 0
=2 o}
ey = E5E(B) 0
LULUCF 0
|2 272(20230), p.358 HZ10] HA A4
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A Al W AEY 1SY i
(Ete: o/l
st2
T2 s8% | WA e = s 2
A-B 0] ¢ 0 0 0 ¢
B-C 0] 0 0 o) 0 0
C-D 0 0 0 ¢ ¢ 0
A2 XMKF &R
2= & 1.3 PIeC Rl
(&l km/L)
s 2018¢ 2019¢4 2020 20214 2022
T M =28 =4 =@ =4 8% =y =@ =4 | =%
5& | 1410 | 16.24 | 14.02 | 16.09 | 14.18 | 16.23 | 14.44 | 16.49 | 15.18 | 17.30
S8 11028 | 11.83 | 10.28 | 11.82 | 9.76 | 11.22 | 10.21 | 11.71 | 10.51 | 12.11
= | 11.20 | 1214 | 11.22 | 1217 | 12.07 | 13.15 | 12.48 | 13.64 | 13.39 | 14.73
M| | 13.64 | 1558 | 13.56 | 15.45 | 13.88 | 15.79 | 14.23 | 16.17 | 14.91 | 16.92
7 3120 39 SR BAFY B o) SS UBS0] 223l0] N,
X2 SIR0L{KIZTN2023), .37, p.40S 2510 KA XA,
CEEET A5 o2 A8y
(H: km/L)
Okt Az AME kL/S) )
TG sew | we | sues | suem | guem |
A-B ¢) 0 ¢ ¢ 0 0 0
B-C 0 0 0 o) 0 0 0
C-D ¢ ¢ ¢ ¢ 0 ¢ 0

7 BARRKL/Y) = DEH/Y) x T2 HE(km) + AEE BF FH|(km/L) x 3652/ x 107

(kL/L)

A= KAF 2.
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=1 ARy | T==0 (ka/TJ) Hi=2f
(kL/S1) CO, CHs N.O CO; CHq4 N.O | (ECOzeq/¥)

S84t 0 30.1 69,300 | 25 8 1 21 | 310 0

& 0 353 | 74,100 | 39 | 39 1 21 | 310 0
AHEH 0 353 [74,100| 39 | 39 1 21 | 310 0
SHEE 0 353 | 74,100 | 3.9 | 3.9 1 21 | 310 0
HYEH 0 353 | 74,100 | 3.9 | 39 1 21 | 310 0

5] 0 - 0
7 2A7IA HISHECO00/Y) = HRAIBB(KL/M) x R2UHMI/L) x SAIHA HIEAR(ko/TJ)
x Kpeusps.
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8 Ywy 00106  HECT WHIC 023 01 02 1 2 10164 241 30S1 1914 2013 688 I 6 1
u Uwy 00106 oecT  W#Iic| 2023 a1 [1:] 2 1 2021 255 4036 2462 3329 2s 6 20 a
a E-E - 00106 HYXT WHIC 023 01 [1:] 2 2 98l 204 3121 1611 N7 683 TN £ |1
8 =a 00106 | EEXCT EMIC/ 2003 | 01 | 07 6 1 16357 431 | 431 | 1042 | 1059 446 | 295 | 5 0
8 ¥ywl 00106  IRHCT WEIC 2023 01 07 & 2 16203 349 2456 1211 1350 413 485 4 1
’ my 00106 @gcT  B#hic) 2023 | 01 [ o 1 16324 | 395 | 1586 | 446 | 615 162 | 281 2 |o
u HeH 00106 HYXT WHMIC 2023 01 (] o 2 19506 366 2038 443 554 180 1% 2 0
8| #wn 00106 | KT WEIC| 2023 01 | 12 4 110412 278 | 4286 | 457 3278 48 | 984 | 18 O
8B 3xn oolos  SENT EHIC 023 o 1wz 4 2 14M M5 371 012 B[O T M9 6 1
a8 awy 00106 | ROCT  WMic) 2023 | o1 14 & 116549 408 | 2532 | 1101 | 1019 828 | 316 6 [0
a8 Y 00106  PIRACT WMIC 2003 01 4 & 2 14949 347 2337 1258 1333 4D4 512 4 1
a8 U w 00106 | IYKT WEIC| 2023 01 | 15 0 1 (14455 317 | 1679 | 510 | 827 306 | 299 | 3 |0
’ any 00106 et EBMIC 2083 01 15 o 2 17056 347 1801 549 55 171 | 1M 31
a8 Hwy 00106 | IENCT  WMIC| 2023 | 01 | 16 1 1 12119 253 | 3560 | 1870 | 2709 @862 | 637 | 17 |0
8 Uy 00106 HECT WHIC 023 01 16 1 2 05 149 3522 258 10 ML | 966 7 1
n dsy 00106 ST WHIC| 2023 a1 20 5 1 13777 39 4425 | 2199 | 2787 a9 BO9 21 a
8 ey 00106 SRCT WMIC 2023 01 20 ] 223 a1 309 2098 2302 P02 M8 i |
8 EE 00106 | TIECT EMIC| 2003 01 21 6 L |362| 30 [23m | 577 | avs | 209 | 161 | 2 o0
a8 any o016 ECT WEIC w23 01 @A 6 2 4715 463 273 74 | 845 248 | M3 3 2
8 Amy 00106 | EECT  WMic) 2023 | o1 24 2 1 28463 468 | 1520 | o0 | @12 32 | 3 3. |oj

Nz DSTYEMSAAY, "USTHAMMB|AT, AMA: 2024.7.12.

S ENEE DSTHENSAIA WS AMAMHIA OA|
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Al T/ T A2 AL OF, 23 3AIE OF, SHBEAAE

(o]
)
Iy
i
M
2
ox
;
(o}

(0]

o T s O O =
0%, A4 A4 054
o AFY AlY A ARIEAS] S5/ Fee 2AVS HilET AR A 55/
i WA o] AR AR, A8 AR 9 G AR HiEAITE 28510 AL

Meite o] RE-H7 OfFQl ZT/AQ B2 AN 3y

A4 M= HZ{(m?)
A7 0 0
THSSAIA O 0)
TEMEAIA O 0
oK} Al 0 0
2% 0 0
X2 MR R

HA [iH] Had iEA4(20224 7IF)

122

ag | GESETSMEE EREEEER L wemscormte

Me 1,616,000 0.0047
SAIZEA 3,290,000 344.820.970 0.0096
AT

J|Ef 215,000 0.0006

F: HRY BIEANTOE/m?-%) =
Atz: &452(2023a), p.38; Z/IEAE

HO
dY 8=

5, "RE0

HRAIBZHTOE/2) + T2 AXI BHZ|(m?).

E0I8-B=XHAZ AR,

T 2024.11.4.

SRl MM KME-EHA OHR ST/4Y B 247IA Y HiEY
QQAITIA
. u|1§71|2¢ EJ;J, L= ErAHIEA| S "H%%,_
(TOE/m*-¢d) (m?) (TOE/®) | (EC/TOE) (ECOn0/%)
MR 0.0047 0 0.7830 0
EATIA 0.0096 @) ) 0.6370 0
AIXHA, 7|EH 0.0006 ) 0.0000 0
a1 0

Z: 1) HEASH(TOE/P) = BB/4Y A

2) 2ATIA HIEZHECOeq/?) =

A= =

£(2023a), p.38.

INES| D:|I'|(

?) x HIEAIRTOE/m?- &),

o4E)kt93F(TOE/%) x EMAHIEAS(EC/TOE) x 44C0,/12C.



o A% ] 4YAS WA, AF U oUX] AGHS ol §le] WY A8 L

g A8 HlEASS ALY

M2 O] YRS BX(2021 71F)

BT CAX -
75 gﬁﬁ(lnz') HI AQIKS BiE(m) | B O] HIS(%)
20214 17,791,754,999 344,820,970 1.93

X UM TR /MY =X|/0|XHOR TREH, B2 BP0l S Ut 20| IR AP
Xlojo|l 73t
Rtz $48(2023a), p.39; FISATE, “REO|-BEXIGAZT)-EAKIS]", ZM: 2024.11.4.

5= 5 110 IEN PG RLR

gal
u
e
>
00

g iEA

RERUSI NI
M AfIX|o) By . )
28 oK Agy T (j'nz') CHOIBHA b4
(TOE/®)

e 11,746,000 4,366.8123kWh/TOE MV(\)/Q/Arrig of
344,820,970 0.0129 =

& 441,000 10Gceal/TOE Gcall/mz-

X HE, 9 ASH IS - 13 U0l 22 N 0 Y - 1 AU o x NSO

>
HU

o
-|Eru

48(2023a), p.39: F/ISAHRE, SEOIE-ELXIFAIZ)-ZAIXS)", HAuY: 2024.11.4,

G NREE AIRIEMO KE-EA 0F0 SS/4Y & 247IA 7Y HiEE
Z A X QAITIA QM”A
0.1495 0.4594
bSE o
- MWh/m- ™ 0 O L EC0eq/MWh .
o 0.0129 0 0.2681 0
= Geal/m?- ™ Geal/¢ EC0,eq/Gcal

Z1) M ASZHMWH/) = HIEAI0.1495MWh/m?- &) x ST/AHAN BHE(m?).
2) M2 A2 2ATIA HIEZHECOeq/9) = MEZHMWH/S) x 2ATtA HIEH4(ECOeq/MWh).
3) & ARZH(Geal/¥) = HIEAIRN0.0129Gcal/m? &) x ZZ/AAAM HE ().
4 & A% SATIA HISZHECO00/F) = AFR(Geal/H) x SATIA HIEHECO,6q/Geal).
Rtz &84E(2023a), p.39.

AQIl-Mo| R &7 0|9l RT/AR HE 2AJIA HiE
e e _ e SH(ECO00/21)
HEZ(ECO00/9) | HHSZHECO.00/%)
33/4e 0 O o I
. Jiu
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3) 718 BE WEY

rol
Ofor

o ARAleAl] AS-EA dIFRl 7MY F2 8 AgES FY OselH, FEAEY 31
22 Om’eZ ZARE
o 7MY F& 2AVIA HiEES 78 A 2ATIA HiE =7 B HlolA FRlE

AR ZEotglen, 7 F2 2A7E v A7 O ECO0%eqz AMYH

CEREEEN 3718 7129 2A71A HiE 27t BE HolAzel

T 7= X9 ks HHS A4 (ECOeq/m?- 1)
60m? 0|5} 0.0378
IE mAS HE Eas 60~85m’ 0.0329
(20134 013 e 54 8om” ORY 0.0271
0JAh 60m? 0|5} 0.0336
=t 60~85m? 0.0294
85m? 0|4 0.0243
60m?* O[5t 0.0378
A mAR 7 Eas 60~85m” 0.0314
(20134 0J5 == 54 85m’ Ol 0.0271
OlL) 60m* 0|3t 0.0336
L 60~85m? 0.0294
85m? 04t 0.0243

Az 2452(2023a), p.43.

CEFRETA Al Ao| KE-HI 01l Y B2 SAUtA HiEY

3 g 8
Ai=Ho] HE-H7 ool Ze) 4 0
7 88 0
J|E/ME 0
=8 & HEy O
I\ B 86m’ (17% B U
715 X SE(0iA])
ZATIA HHEA S 0.0271 ECOseq/m?-¢
=EUA HEY O ECOeq/™

F 2N HISHECO.00/%) = 717G BE(MY) x FE 4 x RATIA HIEHNECOLq/m’ .
Xtz 245(2023a), p.432 E&5I0] MAh 2.
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4) Il RE HHEY

rot
ol

o AR Aol utet A% A o2 AMES] H1E o] hE AL BT
£ A1) SHIBIIA W AIRE AU FB, AR LA e ALY
AR (Ver 4. N@FTETE, 2017) A1 4 LWk iEASE Bgle] 24
7 whEFEe 29T

o AlliAo] 3 FYTA OA19] ATA/1E AFE Okg/A- U2 A=, A
S QA ALEO0%), THBO%), £2HO%) +02 Balg

o M} Al Wt M%7 ool AMBY WIS BT B O E/ARLE O
£/9, W1d O £/9, 42 0 E/AOR AFHUS

o ARG Al A HVlE FE 2A7ES wWiEES A% O ECOxq® AFEHE

e Ol AMHEO| KE-HA O AJES| SETY|E X2(0) T2 24714 HHES

o | ARIKIT U 8EHTE SMTIA HHEAIS SATIA HiEY
= SMEE (E/9) (ECOeq/E) (ECO.eq/$)

XHérg_ 0 — —

Azt 0 1.0524 0

02 0 0.517 0

7|t 0 0.0976 0

s 0 - 0

. 2A71A HE(ECO00/2) = HRY HIIZ YMAE/Y) x SHIHA HHEASECOq/S).
A2 SRSAET2017.12).

S
i
N
>,
=
mlN'
rlo
&
J-Ll
E“
W
re
N
)

CERFIET Ao me! 030l 59 B S

2 2 2 BU:“
el F(m?) E(m?) =2d(m?)
(m? ha
HY @) 0 @) 0 0

A= KAE 2.
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eyl = SA| HRAUEY 2474 HiEE

i WA HEY | BEY 2L HEY
= £ AXIE(X = S s
T S BHEA(The) (HBHECO,00/) (ECOseq/ha)
20234 1,512 21.10 13.96

Nz 2EASYEENE(2022), p.2A-0; /ISAHEE, SATE, HAY: 2024.7.14.

HMEY 24TtA HIEH
(ECOzeq/ha- )

2ATIA HIES
(EC0Oze0q)

1,512 13.96 0
T 2L HIEZHECOe0/2) = & FATN(ha) x HHY 2a7tA HIEZHECOeq/ha- ).

3R 0 EACLE 3B

o ARl Aof HAUEE EX|Q] & o 8% 3 Y =
Hxoior, 1 sﬂr@‘ g7} W 5ol T QRAA(RFE R, 2023) o AAE AFY
21g Hgolo] &

o AMALAY] HAEE EX|9 8 A o233 ¢

MM L ME-E42 51t

72 Qlof | = Il S 7|Et
HX(m?) 0 0 0 0 0
0i%(ha) 0 0 0 0 0

A= KAE 2.

o ARl HAE= EXFAY] mE 247A AFFEE O £CO;¢q= 4HHE
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MEF AMEA

—

.H>|I

ESEER £X) 22 24714
SOC = Y] (80Cyz, X Fpy X Fyq

€, 8,1 C,8,0 C, 5,1

X Fy XA,
G, 8,1

SOC: #7184 &3, ton C

SOCrer: ¥ZF f71€kA 2% 7|23} ton C ha'

Fuy: EXo]-&0f i3t S HslA

Fuc: TEAAC] it 4% #sA S

Fi f71& 4ol tigt S35 HapAs

A Zt A& H3, ha

c 71ZAY, st EFRE, I 7P TR A

A2 FAE(2023b), p.5o.

CEREIN £ 420 02 27|EY R7IEA SXY
IPCC &% SOCrer(EC/ha)
TE EQHAC) 88
SIME 80
e EQLAC) 63
X2 2245(2023b), p.59.
CEFEI £ 20| M2 275 Q75A S5
-2 = FLu Fuvg Fi
AX|(0p) 1.00 1.00 1.00
SAXH) 0.69 1.00 1.00
S3X(R) 1.10 = -
SAX| (=) 1.00 1.15 1.1
=5 1.00 1.14 1.11

A& 2td5(2023b), p.59.
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Ju
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21%)(ha) (;OC(};E;) Fu | Fw | R | B4 | Conee

200F 0 77 1.00 1.00 1.00 ¢ o)

o ¢ 77 0.69 1.00 1.00 0] 0]
g ¢) 77 1.10 - - ¢) ¢)

L = 0 77 1.00 1.15 1.1 0 0
7|Et 0 77 - - = 0 0
24 0 - - - - o) 0

F 1) Q7lEL SN BAYS N2
2) COAMYHECOeq) = HANEHEC) x (44+12)
INCHVSIESE]
o AgimAlo] MASH: Yobo} AZkA AR FH AL V1SS T

5ol e QMAA(EER, 2023) ol AXE A4S E-83t

o Aol HYE= Yofo] LATIA AL O

COzqu ﬂ’@%]

CERTEETE 3O 7R 2A71A

&2

F. (=4

o

-
2
=

== k
T O o™

i= Z(A 3 XSIE S )

Sij: %X]%_ag(i)tu )tﬂ CO, AR-EF, tCOy/yr
Aiyt 15.11%‘53(1)‘% (J)‘% M2, ha
SF: EAREOE, FFGE CO, AZ-EFASF, tCOy/ha
X2 27454(2023b), p.60.
CEFNIE =XQ3EgaY CO, N
(H: ECOy/ha)
fo= =1
=% Q¥ .
| I i Y Vv Vi
L R 119.2 156.2 189.1 2256 | 263.1 297.8
55d 77.1 138.0 | 2148 | 2682 | 3367 | 40158
%@% 73.1 149.1 2544 | 3276 | 4065 | 4958

Pl
fl
ro
oX
I

(2023a), p.47.

128



=8 CO, MgA+

(&: ECOy/ha)

2E § 126 ENCEEEE
=
=X Q3
Il If v V Vi
S - 8.17 8.72 8.97 8.73 8.34
=5 - 10.83 10.96 10.72 10.09 9.45
=y - 13.50 13.19 12.48 11.46 10.55
A2 BHL8(2023a), p.47.
CEFITA AN U ME-E4Y 8
SATIA HY-EAAS SATIA HY-E4Y
= M (ha) pRPeT: SAat
THREA|I2 SAHA (eXs} =T o
ol0t 0 189.1(GIIAl) | 8.72(CYIAl) 0 0
ARl MOl BBl A S JKE RIS BINE RIGHD Qs AW RS w0l A NE.
Xz MA &
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7t. AL Al B2 HET MY

o AQAS] A A LA HEFL o

CER-WEN ZA Al QAUTIA HIS oA

A7 O ECOzeqE AHE

(2] ECOze0/%)

= 2A7IA HiENE (MY ) |2
& HIZZ(A-B) 0
Z HEHA) 0
+5 NO
33/4Y NO HiEH 22
HiE S At O A83H 28
7+ 0 AYAREA S
7|12 0 SA A H7|E 2
=9 NO HiE2 Si=
Z E580B) -
=49 AL Al OARA
LULUCF NE ?H%ELF ILISEI)
2= 1) NO(Not Occurring) = il HIZY 9IS,
2) NE(Not Estimate) = HiE - S47} QUOL} AFKGIK| ¢ke.

AE: 8HE(2023a), p.492 &2l MAH 2R

1) M) B

MO

o ARALAS] FAF Al H] £ bl | ' AR B
AP ATE A8 SA Y| & OH("ZES O, =217]

o) & A= AR O L/YE, olof I 24AVA Hi&
A=

r-ou
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odl, £=A4 o, 2
F2 A7 O ECOeq=



CEEEPEN BA A MY B2 2M71A HiEY

g9l | oz | 2 | SWRAHEAS | RRSUSAR | ouna
TE O Mgy wey (kg/TJ) (GWP) e
(CH) | kL/®) | MI/D) | CO2 CHs | N.O | CO, | CHy | NO | (=COsea/2)
goEs
(05) 0 0 35.3 | 74,100 | 3.9 | 3.9 1 21 310 @)
=X
(05) 0 0 353 | 74,100 | 3.9 3.9 1 21 310 0
=7
3 0 0 353 | 74,100 | 3.9 3.9 1 21 310 O
(Om°)
==
0 0 353 | 74100 | 3.9 | 39 1 21 310 @)
(ton)
A 0 0 = @)

1) SATIA HISB(EC000/2) = HBABKL/S) x 2UTBMI/L) x 2ATHA BIEARMKo/T))
x Kpeuse
2) 2 = AQ AWHRF 353V/L YT M.
3) YURRIAE = BARZE, 174 = 259, 11 = 1274E XK
Riz: 7HHRREE], ORI DA [SE], ‘RA7A BEHARC HE> 21 2 QI
CED]

M

rk

(5t

2) Mg B=E

o A Al BHATEA Lo T2 LAVA HET A A] HEASE 748 A
27} w2 Wlo|Agele] OX|9/41%/Om’ ofsle] HiEAGE Hes, 28 Wae
%4 WHY OmiE X8

o AFARTA 2P0 et 24A7EA HiEF2 At ECOeqz AHY

ottt

CEREED SAH Al 71 22 2MTIA HiSE

EISNERS ul N , _
xd SUIIA HHEAR(ECOq/m? B) | RAUIIA HIEZHECOeq/)
Om’ SEX|%/A15/60m? Ol5t | 0.0378 0

X 2MTIA HIEZ(ECO00/%) = FINPR HE{(m) x MIA HIEZH4(EC0e0/m? ).
R $242(20233), p.53.

3 Wiz 22
o BA A BPARL 29 5 @Y Aol WIS W1E L 04 Hel, AU
2] 08 AF LUK HEFS B AS) BAYTH ) HBAH A
1

T TF Y o AAEe viges R

N
i)
>.

o

&
1o
=
2
u
)
o

N
i
=

58) &2} 447 A 29

il
o

9 BPATAYL FUY WHOR LUTA hETS AT,
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HiEArE 283t wiede AHgeA=
o JAFA| H7|E FE 7R WSS AR AR QIR HiET O EC0eq/<,
Q4 A= QI O £COeq/q, HAEH7IE A& IZE O ECOeq/AL R AHEH
Ao, FHETFS O ECOq/AoR YIS
CEREIIN A Al MEI7|S Wazixz) e 72
M Al H7lE TAF Al 7|2 SEHE/)
Ay
(ka/2) & e A2 e 7Et
O 0 O O O 0

T S A HIE

NSV RN OS]

LAY, M) sy M

SAL Al HI2 M2l 2 2U7HA HhEY
QAITIA HHEAIA 2ATIA HIES
o SAH Al 7|8 L (B/9) I_(Egjéazecﬂj;)h_ (Eégzeqr}ﬁ)
TS 0 — _
= 0 1.0524 0
T 0 0.517 0
= 0 0.0976 O
Sz 0 - -

T 2L HIEZHECOe0/P) = BEE HYIE LUE/Y) x 24712 HiEAR(ECO.q/9).
Az eEEEsH(2017.12).

CEREEEN ZAF A| 92

Mo TE 24712 S

SA Al @ SHMEE | ZAF A| @ LMEF | 24TFA BiSHS SATIA HiEEf
(m3/Y) (m3/9) (kgCOseq/m?) (kgCOzeq/)
0] 0 0.0285 0
F SA Al @ UM GHE AIHQ SFAYSFHIIM L ‘S L 2| 2 FF A
Atz: SHEEAEZETH2017.12).
CEFRETE 30 Al AIB2 B0 G2 AMHlS wuy
232 E it =N b2 1[I PO =287 |= A
0] 0] 0] 0] 0] O
F =

T SAA IVl T,

INC=IDSINIESTSR

ME[R(UE)2 SiiE Al

| SEGFE/ W T

15 O|A=SY =
%l'jox—-! Ih:‘l_n'__._ oo—|



Ol ZISH7IE 2 2 X2I3g

= HeE a2zt & 24
LYH(E/D) 0 0 0 0
HIZ(%) 0 0 0 100

7 ARIL0] Sot HFTAY| 2 = Aefet

=1 AA.
INEHSW RS

b
1o
|’|I

TR DA Al ZEN7IE X0 OE 2a7tA S

3, offe M| BTN L "TlataX Aakeel

SAITIA HIEHA SAITIA Hi=2f
S| TA A Il e (/9 ‘(Egégzegfg)” 7§cg_zeqﬂ/§7

XH?.}‘% O — —

A2t 0 1.0524 (0]

oHES 0 0.517 0

S| 0 - 0

=]
T 2E7MA HEHECOeq/) = REE V|2 TIUHE/Y) x

X2 32EHTC(2017.12).

2A7IA HEA(ECOeq/E).

e eyl SA Al H7|E 2E 2471A S
i PIEE % Xz L P SATIA HiEY
(ECOzeq/ ﬁ) (ECOzeq/ ﬁ) (ECOzeq/ ﬁ) (ECOzeq/ ﬁ)
0 0 0 )

A= KAE 2.
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L. 29 Al B2E HEF Y

MO

o AMFLA9] &9 Al A7IA FHIETFS A7 O ECOeq, TE5H2 AT 0 E
[e]

=
COzeqE &= HIEHS A7 O ECOeqE AMYH

(2l ECOzeq/H)

=2 SAE Al Ofl & HHEE H|
&= HIEZHA-B) 0
ZHISZH(A) 0
*5 0
T NO HIZ® =
HiZ# A 0 HE, 44 &
7+ NO HIZH els
H7|= 0
s NO HIZ¥ S
%‘;Eg_)'\_al: B _
= LULUOC(F) NE St Al OIS
(N&Z A2

ol
=
o
=
=}
o
Q
(@]
e
g.
©
1l
Qi
of
=
]
rie
£
19 46

X2 BAR(2023a), p.b72 EEo610] KAt X

1) =

O

= =]
T

o ARdlAo] tigh 2o dSwEFel 758 Bt Avet =2 IS A89] 27k
HiET= APPSR, ol g & F2 2A7A WiEF At O ECOxq=

A

2|0 6IF XSZHOO000L)

(H9: /YY)

st
22t a8t EES =]
A 53 h
A-B 0 0 0 0 0 0
B-C 0 0 0 0 0 0
C-D 0 0 0 0 0 0
xR0 A0 HSTSYS NS,

X2 KA &
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52 T 1-40 Pyei=Rprmayl]
(H2]: km/L)

. 20184 20194 20204 20214 20224
TF ey [ =w | eo | mm | =a | %8 | =4 | 2w | =4 | =w

58 | 14.10| 16.24 | 14.02 | 16.09 | 14.18 | 16.23 | 14.44 | 16.49 | 15.18 | 17.30
58 11028 111.83 1028 | 11.82 | 9.76 | 11.22 | 10.21 | 11.71 | 10.51 | 12.11
siE | 11.20 | 1214 | 11.22 | 12.17 | 12.07 | 13.15 | 12.48 | 13.64 | 13.39 | 14.73
M | 13.64 | 15,58 | 13.56 | 15.45 | 13.88 | 15.79 | 14.23 | 16.17 | 14.91 | 16.92
Nz e=R0HRIEH(2023), p.378 8510 XA 2.

(242]: km/L)

OIxt Az A8 L/F) _
2zt « . == — — S|
m) | A8x | HA | AsEE | 2 | o2
A-B (0] (0] (0] 0] 0O (0] O
B-C (0] (0] (0] (0] 0 (0] 0
C-D (0] (0] (0] 0] 0O (0] 0O
F: GIRARRR(KL/P) = RSY(H/Y) x T2 A(km) + XBE BR AHbl(km/L) x 365(2/2) x 107
(kL/L).

Af=: KAE 2.

5= 5 1-42 B N RTINSy

B2 ey O MEAT L xpeuspy | 2712
T2 M8 S (ko/T) L]
(kL/S) CO, CHs | N2O | CO; | CHa | N)O | (ECOseq/9)

SEXt 0 30.1 69,300 | 25 8 1 21 | 310 O
HA 0 353 | 74100 | 3.9 | 39 1 21 | 310 O
AYEF 0 353 | 74100 | 3.9 | 3.9 1 21 | 310 0
SeEE 0 353 | 74100 | 3.9 | 3.9 1 21 | 310 O
HAEH 0 353 | 74100 | 3.9 | 3.9 1 21 | 310 O
B | 0 - 0

D 2AUtA HIEZHECOeq/T) = HRARREKL/S) x =LSEZMI/D) x 2E7t2 8i1EA(kg/TJ)
X K2

Nz =71EgEEE, "ouHXg A

RE [2H6].

Bl

AR [EH], "2A7IA HIEEAMC| HEY 210 H QS0 2t

=

gl
Ju

50) BT A% o] M B9 B7H U] ol FEste] ARA R AT Aol B,
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2ol WE SAVEA wiE2 2AH], 21488, Blide) Alols 52 A=A
A} ARV ofef HilEd. IEER AP SEYRE7T A8 Rt 2AVEs
& 9 g A7 @ EE=TAL 2009) 9] A7+ A3 W BE 2471
HHE ol-8oto] AeH A}, A7 O ECOeqY 2A7IA HiEo] d5H

[
iy

ol HE 230 OE 24712 HEF

HiS AT 2A7IA HiEY

T f2e Heitkm) (Ecljiqh/kmﬂﬁ) (Egcgzeq/rlit?)
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Executive Summary

Development of Climate Change Impact

Assessment Techniques
The Road Construction Sector

Choi, Hyun-Jin et al.

1. Background and Aims of Research

According to the “Framework Act on Carbon Neutrality and Green Growth for Coping with Climate
Crisis,” climate change impact assessments must be conducted for plans and development
projects designated by the President, including policies subject to strategic environmental impact
assessment or environmental impact assessment, and projects that emit large amounts of
greenhouse gases. This has been established as one of the key institutional measures for

implementing national carbon neutrality in Korea.

As laws and regulations related to the climate change impact assessment system have been
relatively recently, assessment techniques for greenhouse gas reduction and climate change
adaptation that incorporate the characteristics and types of projects are currently insufficient.
In particular, road construction projects, which are newly included as subjects for climate change
impact assessment in September 2023, are typical linear projects with different characteristics
in terms of construction and operation, environmental impacts, and considerations for greenhouse
gas reduction and climate crisis adaptation compared to area development projects such as

urban development and industrial complex development projects.

This study aimed to establish climate change impact assessment techniques considering the
characteristics of road construction projects newly included as assessment targets, in connection
with the assessment techniques developed in previous studies. Specifically, it sought to establish
a methodology for climate change impact assessment during construction and operation
considering the characteristics of road construction, and to propose effective greenhouse gas

reduction and climate change adaptation measures for these projects.
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2. Eco-friendly Road Construction Techniques and Current
Status of Environmental Impact Assessment

2.1 Eco-friendly Road Construction Techniques

Government guidelines and previous research cases related to eco-friendly road construction
were investigated and analyzed. It was confirmed that the literature commonly identified
topography-geology, and hydraulics-hydrology as the primary environmental factors that should

be considered in road construction projects.

o For topography-geology:
- Prioritize route plans that align with the terrain.
- Minimize unavoidable terrain damage and long slopes through tunnels

- Conduct pre-surveys and thorough reviews of slope and ground stability

Establish appropriate measures for stability assurance and slope revegetation
o For hydraulics-hydrology:
- |dentify negative impacts on hydrology in advance and consider them from the early stages
of project planning
- For road construction projects including bridge installation plans, establish plans to ensure

stability during floods and prevent scouring and erosion

2.2 Current Status of Environmental Impact Assessment for Greenhouse Gas in Road

Construction Projects

The current status of environmental impact assessment reports was analyzed, and it was found

that most greenhouse gas emissions were attributed to vehicle operation

o Suggestions include

- Actively reducing emissions from ancillary facilities such as rest areas and interchanges
- Minimizing the destruction of carbon storage and absorption sources

- Expanding tree planting and green space creation on available land

Most consultation opinions on greenhouse gas items for road construction projects were related
to the proper implementation of greenhouse gas reduction measures during construction and
operation. It was difficult to identify trends or consistency across projects based on factors such
as road length or type, and it was confirmed that many cases lacked specific consultation opinions

on greenhouse gas items.



3. International Environmental Assessment Cases Related to
Climate Change in Road Construction Projects

An analysis of climate change-related content in environmental impact assessment reports for
road construction projects conducted abroad revealed that the surveyed international cases use

models provided by their governments to calculate and present greenhouse gas emissions.

Using models for emission calculations can help prevent qualitative differences in assessment
reports, such as discrepancies in the greenhouse gas emission calculation process (e.g., the
appropriateness of emission factors, calculation formulas, and the emission of items). However,
even when using models for emission calculations, continuous updates to emission factors and
calculation formulas are required, necessitating ongoing maintenance and management by the

government or institutions providing these models.

In terms of climate change adaptation, it was found that the surveyed international cases do
not use vulnerability assessment results like those used in Korea. Instead, they establish
appropriate measures based on the characteristics of the region where the project route is located
and past disaster history. However, it was observed that these cases do not consider as wide
a range of climate change risks in detail as in Korea. Instead, they qualitatively assess risks
for road construction projects related to some representative factors such as floods, sea-level
rise, heat waves, and strong winds, and briefly describe corresponding adaptation measures.

4. Climate Change Impact Assessment Techniques for
Greenhouse Gas Mitigation

Given the limited options for establishing reduction measures in the transportation sector, the
largest source of greenhouse gas emissions in road construction projects, these projects should
actively pursue the expansion of tree planting and green space creation on available land. Based
on the findings of previous studies, this research summarizes and proposes tree species selection
and planting plans considering carbon absorption, as well as appropriate tree planting methods
taking into account the conditions of the road's median strip and sides. Furthermore, proper
maintenance and management measures are suggested to ensure the continuity of carbon

storage and absorption through tree planting.

Based on the climate change impact assessment techniques developed through previous
research, this study presents assessment techniques for the entire process of greenhouse gas
reduction in road construction projects, consisting of current status analysis, calculation of

emissions during construction and operation, setting reduction targets, and establishing reduction
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measures. In addition to tree planting and green space creation, various greenhouse gas reduction
measures applicable to road projects were identified and summarized, including the installation
of renewable energy facilities for ancillary facilities such as rest areas, the implementation of
intelligent transportation systems and smart tolling, and the construction of roundabouts. The
guantitative reduction effects of these measures were also derived and presented.

5. Climate Change Impact Assessment Techniques for Climate
Change Adaptation

Various international studies on climate change risks to road infrastructure were surveyed and
analyzed to identify the major risks that should be considered in climate change impact
assessments for road construction projects, and to examine the impacts of each risk. The
literature commonly identifies heat waves, heavy snow, heavy rain and floods, strong winds, and
sea-level rise as major climate change risks for roads. These risks were found to primarily cause
first-order impacts such as damage to road facilities, and second-order impacts such as traffic
flow interference and road closures. Considering this, it is deemed appropriate to focus on
evaluating these risks based on the climate crisis vulnerability assessment results of the project
when conducting climate change impact assessments. It is considered effective to include
appropriate adaptation measures in the project plan accordingly.

Based on the climate change impact assessment techniques developed through previous
research, this study presents assessment techniques for the entire process of climate change
adaptation for road construction projects, consisting of current status analysis, climate change

vulnerability assessment and risk analysis, and the establishment of adaptation measures.

In particular, this research proposes that, when evaluating the climate crisis adaptation aspects
of road construction projects, it is important to carefully consider not only the local government
vulnerability assessment results but also the specific characteristics of each section of the project
route (e.g., slope, passage through areas adjacent to rivers) and the conditions and plans for
facilities along the route, such as bridges, tunnels, and underground roads. Appropriate adaptation

measures were derived and presented based on these factors.

6. Conclusion and Policy Suggestions

The climate change impact assessment methodology for road construction projects developed
through this study can promote the establishment of enhanced greenhouse gas reduction and

climate change adaptation measures for road construction projects. It is also believed that the



effectiveness of the climate change impact assessment system can be enhanced by preparing
assessment techniques for newly included assessment target projects. Furthermore, this
methodology is expected to serve as a valuable reference for various stakeholders involved the
system to support their tasks.

Based on the international environmental impact assessment cases surveyed in this study, it
is necessary to develop and distribute national-level models for calculating greenhouse gas
emissions (during construction and operation) tailored to specific projects in Korea. However,
as emission calculations through models require continuous updates to emission factors and
calculation formulas, ongoing maintenance and management by the government or relevant
institutions providing these models must accompany this effort.

The development of assessment techniques that reflect the types and characteristics of
development projects included as subjects for climate change impact assessment should be
pursued continuously. In addition to the road construction projects addressed in this study, it
is urgent to establish and standardize assessment techniques for greenhouse gas reduction and
climate crisis adaptation for projects such as airports, waste treatment facilities, and power
generation facilities.

When evaluating the climate crisis adaptation, it is necessary to continuously develop assessment
techniques that take into account the project's location conditions, land use plans, and facility
construction plans, in addition to the local government vulnerability assessment results that are
mainly used. Conducting assessments that incorporate all these factors together is expected

to further enhance the effectiveness of the system.

Climate Change Impact Assessment, Road Construction, Greenhouse Gas Reduction,
Climate Crisis Adaptation
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