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This initial environmental examination is a document of the borrower. The views expressed herein
do not necessarily represent those of ADB's Board of Directors, Management, or staff, and may
EH SUHOLPLQDU\ LQ QDWXUH <RXU DWWHQWHRYthRWERIEHFWHG WR

In preparing any country program or strategy, financing any project, or by making any designation
of or reference to a particular territory or geographic area in this document, the Asian
Development Bank does not intend to make any judgments as to the legal or other status of any
territory or area.
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To: Mr. Robert Guilg

Director the ADE Mission Leader

Transport and Comimunications Division, East Asia Department
Asian Development Bank

From: Jinan Municigel Government and Jinan Public Transport Corporation

Dear Mr. Guild,

Subject: PRC 50010: Shandong Spring City Green Modern Trolley Bus
Demonstration Project

The Initial Environmental Examination (IEE) and Environmental Management Pian (EMP) for
the captioned project are prepared and reviewed by Jinan Municipal Government and Jinan
Public Transport Corporation.

This is to formaily 2avise you that there is no objection to these being posted on the ADB
website in according with the ADB disclosure procedura. We will implement all actions following
what are reguired in EIA and EMP and accept the ADB's supervision and inspection for the
EMP implementation,

We appreciate your support and help for sur project processing.
Sincerely yours,

Mr. Jia yulaing Mr. Xue xinghai

Director
General Manager
Jinan Urban and Rural Transpartation
Commitiee Jinan Public Transport Corporation
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EXECUTIVE SUMMARY

A. Introduction

1. This is the initial environmental examination (IEE) report for the proposed Shandong

Spring City Green Modern Trolley Bus Demonstration Project in Jinan City, the capital of
6KDQGRQJ 3URYLQFH LQ WKH 3HRSOHYV 5HSXEOQFHR WDKe@) D/ K3 B &
zero-emission electric powered trolley bus rapid transit (BRT) network in Jinan City.

2. $' %V HQYLURQPHQWDO VDIHJXDUG UHTXLUHPH®WRCLEFM VSt
Statement (SPS, 2009). The project has been screened and classified by the Asian Development

Bank (ADB) as environment category B, requiring the preparation of an IEE (this report) including

an environmental management plan (EMP). The EMP is presented in Appendix A .

3. This report has been prepared based on an approved domestic feasibility study report
(FSR), an approved domestic environmental impact table (EIT) report, additional analyses
undertaken by the domestic EIT consultant under the direction of ADB project preparatory
technical assistance (PPTA) team, site visits and analyses conducted by the PPTA team, ADB
review mission discussions and agreements with relevant government agencies, and
consultations with affected persons and stakeholders.

B. Project Description

4. The proposed project will establish a 111.2 kilometers (km) of prioritized high quality BRT
lanes served by electric trolley buses over 39 routes. Along the network corridors, there will be
(i) 158 high quality median trolley bus stations, including 93 new bus stations and upgrading of
65 existing bus stations; (ii) 16 trolley bus depots, including 8 new depots and upgrading of
8 existing depots; (iii) 36 power traction substations along or nearby the network corridors; (iv) 111
km of overhead power wires; and (v) a total of 735 modern trolley buses, including 292 18-meter
(m) long buses and 443 12-m buses.

5. The project will be implemented through three outputs:

0] Output 1: Zero-emission BRT network constructed;
(i) Output 2: Modern trolley bus and service standards implemented; and
(iii) Output 3: Travel demand management (TDM) measures for Jinan prepared.

6. The project is estimated to cost $422 million, of which ADB has been requested to finance

$150 million from its ordinary capital resources. The Jinan Municipal Government (JMG) will

finance the remaining $272 million equivalent. The prooHFW LV LQFOXGHG LQ $' %YV 35
pipeline and programmed for ADB Board approval in 2017. The implementation period will be

5 years from 2018 to 2022.

C. Project Benefits

7. The project will benefit the 3.086 million residents of Licheng, Lixia, Tiangiao, Shizhong,
and Huaiyin districts, including both public transport users and residents in general.



0] Once operational, ridership on the trolley BRT network is expected to reach
804,000 passengers every day. Users will benefit from an improved and more
efficient service, with on-time performance expected to exceed 90%.

(i) Travelling on dedicated bus lanes will reduce stop-and-go in congested traffic,
allowing the buses and other vehicles to travel at faster and more constant speeds,
improving traffic flow, reducing traffic jams, and providing better road safety and
faster travel times for passengers. This will also result in reduced carbon emissions
per vehicle per mile travelled (see below).

(iii) The provision of a BRT-trolley corridor will reduce traffic noise compared with the
SQR SURMHFW’™ V H& @&lowmisehatttre W Blectric trolley buses; and
(b) trolley buses will be travelling more smoothly on dedicated lanes in the center
of the carriageway, instead of the present in-and-out, stop-and-go conditions.

(iv) Universal access for vulnerable users including elderly, disabled, women, and
children will be provided for at least 93 new BRT stations.

(V) An efficient public transport system will reduce the costs of transport in serving the
major districts, industrial sites and transport hubs, and will provide better
accessibility to employment and services in the city. It will enhance economic
growth compared with the existing public transport system.

(vi) By 2043, total urban transportation-related pollutant emissions in Jinan City by
53,554 tons of carbon monoxide (CO), 5,830 tons of nitrogen oxides (NOy), 3,157
tons of hydrocarbons (HC), and 169 tons of particulate matter (PM) and 5.2 million
tons of carbon dioxide (CO2). The project will result in significant and long-term
reductions in transport sector emissions and greenhouse gases (GHGs), and
associated benefits in terms of human health and well-being.

D. Project Impacts and Mitigation Measures

8. The project is located in degraded airshed. The use of trolley buses, which have zero talil
gas emissions, will significantly contribute to the improvement of local air quality.

9. The project zone of influence is defined as:

0] 200 m to either side of the centerline of the 111.2 km of zero-emission high quality
BRT trolley bus corridors (this includes all trolley bus stations);

(i) 100 m upstream to 1,000 m downstream of the trolley bus corridors bridge
crossings on the Xiaoging River;

(iii) the 8 existing and 8 new trolley bus depot sites (one of which includes a Command
and Control Center site); and

(iv) the 36 traction substation sites (if not already within the trolley bus corridor zone
of influence).

10. Siting and land acquisition.  The trolley bus corridors, stations, and power lines will be
within the right-of-way of existing roads and will not require any land acquisition. The only project
activities requiring land acquisition will be construction of traction substations and trolley bus
depots. The traction substations will be on vacant state-owned land and road side landscaping.
A total of 0.32 hectares (ha) will be permanently acquired, but no persons will be affected and no
resettlement is required. Most depots will also be on state-owned land, and only one will require
permanent acquisition of 1.64 ha of collectively owned land. The project has been classified as
resettlement category B and a resettlement plan (RP) with time-bound actions has been prepared
with CNY6.37 million in compensation.



11. Construction phase. Potential negative construction phase environmental impacts are
short-term and localized and are associated with fugitive dust, construction noise, disruption of
traffic, and risks to worker health and safety. These can be effectively mitigated through good
construction and health and safety practices, including construction soil and spoil management;
dust controls including site watering and the use of ready-mix concrete; noise controls including
limiting times when noisy activities can occur, selecting low noise equipment and scheduling
materials delivery to avoid densely populated or sensitive areas; water quality protection
measures including limiting excavation depths to avoid contaminating groundwater, managing
site runoff and provision of worker sanitary facilities; and good solid and hazardous waste
management practices. Construction will not affect any parks, protected areas or rare or
threatened species, and re-greening will be provided at depots and other sites. Occupational
health and safety plans will be implemented to protect workers, and a traffic management plan
will be implemented to minimize traffic disruptions.

12. Operation phase. Potential operation phase impacts include traffic accidents and threats
to public safety. Operation of the project will not have any potential negative impacts on ecology
or biodiversity and will result in reduced noise levels, improved traffic flows, and reduced transport
related emissions of air pollutants and GHGs. Traffic safety will be enhanced through the provision
of lanes for pedestrians and nonmotorized vehicles, infrastructure inspections, training of trolley
bus drivers, and strict enforcement of traffic laws and regulations.

E. Environmental Management Plan

13. A comprehensive environmental management plan (EMP) was developed to ensure

(i) implementation of identified mitigation and management measures to avoid, reduce, mitigate,

and compensate for anticipated adverse environment impacts; (ii) implementation of monitoring

DQG UHSRUWLQJ DQG LLL SURMHFW FRPSORQPHEWDW® KO WAKH ¥I&Y!
DQG UHJXODW L RIPS. rgadizatioMalrésponsibilities and budgets are clearly identified

for execution, monitoring, and reporting.

14. The EMP includes a project-level grievance redress mechanism (GRM) established to
receive and facilitate resolution of complaints about the project during the construction and
operation phases. The GRM includes procedures for receiving grievances, documenting key
information, and evaluating and responding to the complainants in a reasonable time.

F. Information Disclosure, Consultation, and Participation

15. Project information was disclosed on the Jinan Public Transportation Company (JPTC)
website in January 2017. In April 2017, the domestic EIT was disclosed on the Jinan
Environmental Protection Bureau website, and the public were given the opportunity to comment
though no comments were received.

16. A public consultation forum attended by over 60 participants was held in March 2017. The
forum discussed the scope of the project, EIT and IEE preparation, potential environmental
impacts and mitigation measures during construction and operation, and next steps. In addition,
a survey questionnaire was administered to residents or community committees along the
proposed trolley rapid transit corridors and bus depot sites. Of those surveyed, 98% endorsed the
project while the remaining 2% indicated that the project was acceptable. There were no
participants who objected to the project. Almost all participants (98%) expected the proposed
construction and operation phase mitigation measures to be effective.



17. Meaningful consultation will continue throughout detailed design, construction, and
operation phases, including information disclosure by the project proponent and posting of project
information on community notice boards and discussion forums.

G. Key EMP Implementation Responsibilities

18. The JMG will be the project executing agency responsible for overall guidance during

project preparation and implementation. JPTC, a state-owned company under the JMG will be

the implementing agency, responsible for LPSOHPHQWLQJ SURMHFW FRPSRQHQWYV
DQG PRQLWRULQJ FRQWUDFWRUV DQG VXSSORHBNVNO® EHRWHMIR @YD IC
IRU GD&D\ PDQDJHPHQW RI WKH SURMHFW

H. Risks and Key Assurances

19. The project LPSOHPHQW L Qavelithite@ previous experience in ADB safeguard
procedures. To support effective implementation of the project EMP, (i) a full-time Environment
and Social Officer will be appointed in the PMO; (ii) a part-time loan implementation environmental
consultant (LIEC) will be recruited to support the PMO; (iii) pre-construction readiness monitoring
and defined roles and responsibilities of all relevant agencies have been included in the EMP;
and (iv) staff will receive training on EMP implementation. Project-specific environmental
assurances (Section 1X) have been agreed and are included in the project agreement between
the Government of the PRC and ADB.

l. Overall Conclusion

20. The project IEE has (i) identified potential negative environmental impacts and established
mitigation measures; (ii) assessed public support from the project beneficiaries and affected
people; (iii) established a project GRM; and (iv) prepared a project EMP, including environmental
management and supervision structure, environmental mitigation and monitoring plans, and
capacity building and training.

21. It is concluded that the project will not result in adverse environmental impacts that are
irreversible, diverse, or unprecedented. Any minimal adverse environmental impacts associated
with the project will be prevented, reduced, or minimized through the implementation of the project
EMP.



l. INTRODUCTION

1. This is the initial environmental examination (IEE) report for the proposed Shandong
Spring City Green Modern Trolley Bus Demonstration Project in Jinan City, the capital of
Shandong Provinceinthe 3aHRSOHfV 5HSXEOLF(RJu& KLHQD 35&

2. The proposed project will establish a 111.2 kilometers (km) of prioritized high quality bus
rapid transit (BRT) lanes served by electric trolley buses over 39 routes. Along the network
corridors, there will be (i) 158 high quality median trolley bus stations, including 93 new bus
stations and upgrading of 65 existing bus stations; (ii) 16 trolley bus depots, including 8 new
depots and upgrading of 8 existing depots; (iii) 36 power traction substations along or nearby the
network corridors; (iv) 111 km of overhead power wires; and (v) a total of 735 modern trolley
buses, including 292 18 meter (m) long buses and 443 12 m buses (Figure |-2).

3. The project will be implemented through three outputs:

(1) Output 1: Zero-emission bus rapid transit (BRT) network constructed;
(i) Output 2: Modern trolley bus and service standards implemented; and
(iii) Output 3 : Travel demand management (TDM) measures for Jinan prepared.

4. The project will benefit 3.086 million residents of -LQDQTVY XUEDQ GLVWULFWV L
public transport users and non-users. Users will benefit from the improved transit service provided

by the zero-emission trolley BRT corridors, bus stations, and depots. Residents who are non-

users will also benefit from reduced traffic congestion, improved road safety, and reduced air

pollution.

5. The project is estimated to cost $422 million, of which ADB has been requested to finance
$150 million from its ordinary capital resources. The Jinan Municipal Government (JMG) will
finance the remaining $272 million equivalent. The project is included in $'% RRC project
pipeline and programmed for ADB Board approval in 2017. The implementation period will be
5 years from 2018 to 2022.

6. The JIMG will be the project executing agency (EA) responsible for overall guidance during
project preparation and implementation. The Jinan Public Transportation Company (JPTC), a
state-owned company under the JIMG, will be the implementing agency (1A), responsible for day-
to-day management during project preparation and implementation.

7. $'%MV HQYLURQPHQWDO VDIHJXDUG UHTXLUHPH® WROLWFMN VSt
Statement (SPS, 2009). The project has been screened and classified by ADB as environment

category B, requiring the preparation of an IEE (this report) including an environmental

management plan (EMP). The EMP is presented in Appendix A .

8. This report has been prepared based on an approved domestic feasibility study report
(FSR),! a technical due diligence review of the FSR undertaken by ADB project preparatory
technical assistance (PPTA) technical specialists;? an approved domestic environmental impact

1 ADB Shandong Spring City Green Modern Trolley Bus Demonstration Project Feasibility Report. Prepared by
Shandong Engineering Consultancy Institute, March 2017.
2 TA 9208-PRC: Shandong Spring City Green Modern Trolley Bus Demonstration Project.



table (EIT) report;® additional analyses undertaken by the domestic EIT consultant under the
direction of the PPTA team; site visits and analyses conducted by the PPTA team; ADB review
mission discussions and agreements with relevant government agencies; and consultations with
affected persons and stakeholders.

3 Construction Project Environmental Impact Statement, Shandong Green Modern Trolley Bus Demonstration Project.
Construction unit: Jinan City Public Transport Corporation. Prepared by the Zhonghuanbohong Environmental
Source Company, Jinan Division. April 2017.



Figure I-1: Jinan City, Shandong Province

| | |
0, — _ o
116°00°E - W 121°00°E
I L

F
o

JINAN BRT NETWORK
Bohai Bay SHANDONG PROVINCE
IN THE
PEOPLE'S REPUBLIC OF CHINA

- 28%00'N 5 E
[PD . Moiethofthe .
- l:-:'"\-\m'l'mv River
HEBE| J e
Fy =
: P oA
e
K eenll_ = Laizhou Bay
- <
N, S i L
A== Tl
i —~=
o Guangrac . — —;.’5‘:
I [
{ &
o S - A / i
——
i /__';,-’iji_iam:harbgﬁr/
- | S
/ y
/ Pingin™——
id
=y 4] 25 50 75 100
EEE ]
Kilometers
O Project Araa
®  provincial Capital
e City/Tawn
4 T I MNational Road
=3 byl 3% T A -
N T YELLOW SEA — OterRosd 36900
e Zaoﬂwang‘] " i \
b ——f r’f | i { —+——+  Railway
- \ ' "4 : © ——
™ \ > \y; e ey ==~ River
1, ] g i ]%‘ N — - Provinclal Boundary
‘\j R ' ??ndlmg P Baundaries are nof necessarily authaoritative.
N Y7 = S : : B B
;.5_._(-{. { 5 Thes mag was produced graphy urit of the Asian Developmen Bark, |
t } I‘ '} fagres oot A rs aryiibe qn B 0 4
¢ ANHUI '~ JIANGSU First Proof, 18 April 2017 \ ) i m
\ “_'-nu_-"‘r'r_. \-\ 0k, inaficne, orinformason,
1 - 1

116°00E N\ 121°00E
] |




Figure I- 2: Jinan City Trolley B us Rapid Tr

ansit Network
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. POLICY, LEGAL, AND ADMINISTRATIVE FRAMEWORK

A. Applicable ADB Policies, Regulations, and Requirements

9. The major applicable ADB policies, regulations, requirements, and procedures for
environmental management and environmental impact assessment (EIA) are the Safeguard

Policy Statement (SPS, 2009) and the Environmental Safeguards +A Good Practice Sourcebook

(2012), which jointly provide the basis for this IEE. The SPS promotes good international practice

as rel HFWHG LQ LQWHUQDWLRQDOO\ UHFRJQL]JHG VWDQBIBUGV VXF
Guidelines. The policy is underpinned by the ADB Operations Manual for the SPS (Operations

Manual [OM] Section F1, 2010).

10. The SPS establishes an environmental review process to ensure that projects undertaken
as part of programs funded through ADB loans are environmentally sound, designed to operate
in line with applicable regulatory requirements, and not likely to cause significant environment,
health, social, or safety hazards.

11. At an early stage in the project cycle, typically the project identification stage, ADB screens

and categorizes proposed projects based on the significance of potential project impacts and

ULVNV $ SURMHFWTV HQYLURQPHQ Wtakbovy Hf jtRroostleWiGrihéntaly PLQH G E
sensitive component, including direct, indirect, induced, and cumulative impacts. Project

screening and categorization are undertaken to:

0) UHIOHFW WKH VLJQLILFDQFH RI WKH SURMHFWIV SRWHQW
(i) identify the type and level of environmental assessment and institutional resources

required for the safeguard measures proportionate to the nature, scale, magnitude,

DQG VHQVLWLYLW\ RI WKH SURBRt¥;ldtd SURMHFW{V SRWHQ'
(iii) determine consultation and disclosure requirements.

12. ADB assigns a proposed project to one of the following categories:

0] Category A. Proposed project is likely to have significant adverse environmental
impacts that are irreversible, diverse, or unprecedented; impacts may affect an
area larger than the sites or facilities subject to physical works. A full-scale EIA
including an EMP is required.

(i) CategoryB. BURSRVHG SURMHFWIV SRWHQWLDO HQYLURQPHQ
and fewer in number than those of category A projects; impacts are site-specific,
few if any of them are irreversible, and impacts can be readily addressed through
mitigation measures. An IEE, including an EMP, is required.

(iii) Category C. Proposed project is likely to have minimal or no adverse
environmental impacts. No EIA or IEE is required although environmental
implications need to be reviewed.

(iv) Category Fl. Proposed project involves the investment of ADB funds to, or through,
a financial intermediary.

13. The project has been classified by ADB as environment category B, requiring the
preparation of an IEE (this report).

14. The SPS 2009 requires a number of additional considerations, including (i) project risk
and respective mitigation measures and project assurances; (ii) project-level grievance redress



mechanism (GRM); (iii) definition of the project area of influence; (iv) physical cultural resources
damage prevention analysis; (v) climate change mitigation and adaptation; (vi) occupational and
community health and safety requirements (including emergency preparedness and response);
(vii) economic displacement that is not part of land acquisition; (viii) biodiversity conservation and
natural resources management requirements; (ix) provision of sufficient justification if local
standards are used; (x) assurance of adequate consultation and participation; and (xi) assurance
that the EMP includes an implementation schedule and measurable performance indicators.
These requirements, which may not be covered in the domestic EIA have been considered and
all applicable environmental requirements in the SPS 2009 are covered in this IEE.

15. During the design, construction, and operation of a project, the SPS also requires the
borrower to follow environmental standards consistent with good international practice, as
reflected in internationD OO\ UHFRJQL]JHG VWDQGDUGV YV XF KEyvonWweat
Health, and Safety Guidelines (hereafter referred to as the EHS Guidelines).* The EHS Guidelines
contain discharge effluent, air emissions, and other numerical guidelines and performance
indicators as well as prevention and control approaches that are normally acceptable to ADB and
are generally considered to be achievable at reasonable costs by existing technology. When host
country regulations differ from these levels and measures, the borrower/client is to achieve
whichever is more stringent. If less stringent levels or measures are appropriate in view of specific
project circumstances, the borrower/client is required to provide justification for any proposed
alternatives.

B. Project Policy Framework

16. ADB assistance to the PRC. The project is aligned with the key thrusts of ADB's
assistance to the PRC under the PRC country partnership strategy (CPS)® in the areas of
(i) managing climate change and the environment, such as transportation modes with lower
emissions and energy consumption, sustainable urban public transport systems; and
(i) supporting inclusive economic growth (reducing poverty and inequality) to promote integrated,
green, inclusive, and competitive urban development, focusing on small- and medium-sized cities
in the less-developed regions that could be used as a model for other cities in Asia and support
city cluster development, including urban infrastructure development and institutional coordination
(including functions and policies).® The focus on public transport and multimodal integration also
fits well with ADB's Sustainable Transport Initiative (STI).’

17. Jinan City policies and plans. Jinan has been nominated as one of the pilot cities for
several different urban transport initiatives in the PRC. The Jinan Municipal Government (JMG)
has developed a comprehensive urban public transport development plan for urban rail network
development, a trolley bus network development plan, and a public transport infrastructure plan

4 World Bank Group, Environmental, Health, and Safety Guidelines, April 30, 2007, Washington, USA.
http://www.ifc.org/ifcext/enviro.nsf/Content/EnvironmentalGuidelines

:RUOG

5 ADB. 2016. 7UDQVIRUPLQJ 3DUWQHUVKLS 3HRS QAdifi'v Dévdl§XErd B&nkRA01& ®#0D.D D QG

Manila.

6 Transit-oriented development refers to mixed-use residential and commercial areas designed to maximize access to
public transport and facilitate pedestrian movement. A transit-oriented development is typically centered on a transit
station (train station/metro station/bus terminal), surrounded by relatively high-density development with
progressively lower-density development further from the high capacity public transport facility.

7 The STI, approved by ADB management on 20 July 2010, has set a new direction for ADB's transport sector efforts
to promote more environmentally and socially sustainable transport solutions in developing member countries in line
with ADB's Strategy 2020.

0
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including stations, depots, and low emission buses. Specifically, the project is consistent with and
supportive of the following plans:

18.

(i)

(ii)

(iii)

(iv)

13th Five-Year Plan for Jinan City Economic and Social Development. 8 One
RI WKH WDUJHWYV LQ -Yéa@ P (FYP) W kKo priomidie advanced
infrastructure network and reduce urban traffic congestion, and the construction
of a BRT trolley bus corridor project was listed as one of the projects to be
completed within the 13th FYP period.

Jinan City Urban Master Plan (2011 #020).° The Jinan City Urban Master Plan
(2011 + VWUXFWXUHV WKH VSDWLDO OD\RXW RI
5HIJLRQV" FRYHULQJ D @®quard kilbm&drs (km?). The permanent
population in the central urban area of Jinan City will be capped at 4.3 million,
and by 2020 the urban development will be focused on a central core with an
area of 410 km2. Under the plan, Jinan City will promote improved urban
infrastructure that is green, recyclable, and low-carbon; will further improve roads,
railways, airports and other transport infrastructure to ease regional transit and
strengthen the city's internal and external traffic convergence; and will further
develop public transit.

Guidelines Establishing L ow Carbon Transport System and Piloting
Program on Establishing Low Carbon Transport System. The guidelines,
issued by the Ministry of Transport (MOT) in May 2011, encourage the application
of alternative energy technologies in operating vehicles and promote the use of
hybrid, natural gas power, biomass, electric, and other energy-saving and
environment-friendly buses. Jinan was listed as a bus transit city pilot in October
2012 and national low-carbon pilot city in February 2017. The project will support
these objectives by establishing a low-carbon public transport demonstration
project in Jinan.

Jinan City Integrated Transport Plan.  The Jinan City Integrated Transport Plan,
which has been incorporated into the Jinan City Urban Master Plan (2011 £2020),
promotes dedicated BRT trolley bus corridors in Jinan § Urban area positioned
along and adjacent to the urban area, connecting the urban districts and by
passing the city center. These corridors are meant to connect urban roads with
major regional roads and divert intercity traffic away from the urban center, thus
alleviating traffic congestion in the urban center as well as providing infrastructure
for urban expansion in line with the vision of the Urban Master Plan. The proposed

projectisin DFFRUGDQFH ZLWK -LQDQYV XUEDQ MpMWHU SODQ

initiatives, and integrated transport plan.

With the above visions and plans established, JMG requested ADB to support upgrading

and integrating its urban public transport infrastructure by developing a trolley bus network and
sustainable urban mobility strategies built around urban public transport.

C.

19.

PRC Environmental Legal Framework

The environmental protection and management system in the PRC consists of a well-

defined hierarchy of regulatory, administrative, and technical institutions. At the top level, the
SHRSOHYV &RQJUHVV RI WKH 35& KDV WKH DXWKR U LMWMQW\DRO SID/AN D C
the Ministry of Environmental Protection (MEP) under the State Council promulgates national

8 JMG. 2016. Outline of the 13th Five-<HDU 30DQ IRU -LQDQ &LWL]HQVY (FRQ.RiRdDF DQG 6RFLDO

9 Prepared by JMG, approved by State Council in July 2016.

WKH XU
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environmental regulations; and the MEP either separately or jointly with the Administration of
Quiality Supervision, Inspection and Quarantine issues national environmental standards and
guidelines. Provincial and local governments can also issue provincial and local environmental
regulations and guidelines in accordance with the national ones. In addition, national and local
five-year environmental protection plans form an important part of the legal framework.

20. Key PRC environmental laws are listed in Table 1I-1, including associated regulations and
decrees that support their implementation. Guidelines for EIA implementation are listed in Table
1-2.

21. The most far-reaching law on pollution prevention and control is the Environmental
Protection Law (EPL) (1989, amended 2014, effective 2015 and item 2 in Table 1l-1), which sets
out key principles for the F R X Q Wdlutfow control system, including the policy known as the
37KUHH 6LPXGW DWKHWILSHS/O L FD W LIBvgs, Rahd S&j@rémemésl iRrQEIA. The
implementation of the 37KUHH 6LPXOW D @HheWwdtrengthened Wy decrees on its
implementation (items 26 and 28) and the Construction Project Environmental Protection
Management Regulation (item 17).

22. The amended EPL further defines enforcement and supervision responsibilities for all
levels of environmental protection authorities, imposes stricter obligations and more severe
penalties on enterprises and construction units regarding pollution prevention and control, and
allows for environmental public interest litigation including through nongovernment organizations.
The procedures and requirements for the technical review of EIA reports by authorities have been
specified (Table 1I-2, item 4), and environmental inspection and enforcement on design,
installation, and operation of project-specific environmental protection and control measures are
UHIJXODWHG XQGHU WKH 37THhleHH iin® 5 C5Y\2b, Qa1dnwa8H V °

23. Public participation and environmental information disclosure provisions are among the
most significant changes introduced in the amended EPL, further supported by the decrees on
the preparation of EIA summaries for public disclosure (item 24), information disclosure on
construction project EIAs by government (item 22), method for public participation in
environmental protection (item 20), and technical guidelines for public participation in EIAs.

24, For grievance redress, a hotline number (12369) was established in March 2011 at each
level of environmental protection authority throughout the country for receiving and resolving
environmental complaints, in accordance with the Management Measures for Operation of the
Environmental Complaint Hotline (MEP Decree 2010 No. 15 [item 27]).

25. The PRC also provides protection for community health and occupational health and
safety through the Labor Law (1994) (item 12), the Occupational Disease Prevention and Control
Law (2001) (item 4), and environmental and hygiene standards for construction sites.

0 7KH 37KUHH 6LPXOWDQHLWLHYV 3ROLF\" U &t ¥petatibd ofp#libtiod ebwttolapd tleRi@erW UX FWLR Q
facilities to occur simultaneously with the project design, construction, and operation.



Table 11-1: Applicable PRC Environmental Laws , Regulations, and Decrees
Year Issued/

No. Laws Updated
1  Environmental Impact Assessment Law 2016
2 Environmental Protection Law 2015
3 Atmospheric Pollution Prevention and Control Law 2015
4 Occupational Disease Prevention and Control Law 2011
5  Water and Soil Conservation Law 2011
6  Water Pollution Prevention and Control Law 2010
7  Urban and Rural Planning Law 2008
8 Solid Waste Pollution Prevention and Control Law 2005
9 Water Law 2002
10 Cultural Relics Protection Law 2002
11 Noise Pollution Prevention and Control Law 1999
12 Labor Law 1995

SHIXODWLRQV
$WPRVSKHULF 3BROOXWLRQ 3UHYHQWLRQ DQG &RQMW
$QQRXQFHPHQW 1R
3ROLF\ RQ ,QWHJUDWHG 7HFKQLTXHV IRU $LU 3ROO
3DUWLFXODWHV 0(3 $QQRXQFHPHQW 1R
30DQQLQJ (QYLURQPHQWDO ,PSDFW $VVHVVPHQW 5
&XOWXUDO 5HOLFV 3URWHFWLRQ /DZ ,PSOHPHQWDV
&RQVWUXFWLRQ 3URMHFW (QYLURQPHQWDO 3URWH
'LOG 30DQW 3URWHFWLRQ 5HIJXODWLRQ

'"HFUHHV DQG $QQRXQFHPHQWV
"LUHFWRU\ IRU WKH ODQDJHPHQW RI &RQVWUXFWLR
'"HEUHH
OHDVXUHV IRU 3XEOLF 3DUWLFLSDWLRQ LQ (QYLUR!

ODQDJHPHQW OHDVXUHV IRU (QYLURQPHQWDO ,PSD
3URMHFWY RQ WULDO 0(3 'HFUHH

*RYHUQPHQW ,QIRUPDWLRQ 'LVFORVXUH RI &RQVWL
$QQRXQFHPHQW 1R

OHDVXUHV IRU (QYLURQPHQWDO 6XSHUYLVLRQ 0(3
SHTXLUHPHQW IRU 3UHSDUDWLRQ RI (,$ 5HSRUW 6X

6WUHQIJWKHQLQJ RI (,$ ODQDJHPHQW IRU 3UHYHQW!|
$OQRXQFHPHQW
2SLQLRQ IURP WKH 6WDWH &RXQFLO RQ ,PSRUWDQ\
SURWHFWLRQ 6WDWH &RXQFLO $QQRXQFHPHQW
ODQDJHPHQW OHDVXUHV IRU 2SHUDWLRQ RI WKH (Q
'HFUHH
ODQDJHPHQW 3URFHGXUHV IRU WKH 6XSHUYLVLRQ
$FFHSWDQFH RI &RQVWUXFWLRQ 3URMHFWYV XQGHU
0(3 $QQRXQFHPHQW
6SHFLILFDWLRQV RQ WKH ODQDJHPHQW RI 8UEDQ &
OLQLVWU\ RI &RQVWUXFWLRQ 'HFUHH
Management Measures for Inspection and Acceptance of Environmental Protection 2001
at Construction Project Completion (MEP Decree 2001-13)

Source: ADB PPTA consultants.

D. PRC Environmental Impact Assessment Framework and Procedures

26. EIA administrative framework.  The administrative framework for EIA in the PRC
consists of national, provincial, and local (city and county) environmental protection authorities.
The national authority is the MEP, which promulgates laws, regulations, administrative decrees,
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technical guidelines, and environmental quality and emission standards on EIA and pollution
prevention and control. At the provincial level, there are environmental protection departments
(EPDs), which act as gatekeepers for EIA and pollution prevention and control in the provinces.
They are often delegated authority by the MEP to approve EIA reports for development planning
and construction projects, except for those projects with national interest and those that cross
provincial boundaries. The local (city or county level) environmental protection bureaus (EPB)
enforce environmental laws and conduct environmental monitoring within city or county limits.
Local EPBs can also be delegated the authority to approve EIA reports by the provincial EPDs.
EPDs and EPBs are supported by environmental monitoring stations (EMS), which are
subsidiaries of EPDs or EPBs and are qualified entities to carry out environmental monitoring.*

27. The PRC has a qualification and registration system for EIA and only qualified and
registered institutes and individuals are allowed to prepare EIAs. Under MEP Decree 2015-36, as
of 1 November 2015 qualified institutes for conducting EIAs for construction projects in the PRC
can no longer be a subsidiary of an environmental authority responsible for approving EIAs.

28. EIA legal framework. EIA is governed by the Environmental Impact Assessment Law
(2002) (Table 1I-1 item #1), covering EIAs for (i) plans (such as new development areas and new
industrial parks) and strategic environmental assessments (SEA), and (ii) construction projects.
This was followed by the promulgation of two regulations: the Construction Project Environmental
Protection Management Ordinance (1998) (item 17) and the Planning Environmental Impact
Assessment Regulation (2009) (item 15), both of which require early screening and environmental
categorization.

29. EIA procedures. Under MEP decree, Directory for the Management of Construction
Project Environmental Impact Assessment Categorization (MEP Decree 2015-33) (item 19)
classifies EIAs for construction projects into three categories with different reporting requirements

EDVHG RQ WKH 3VLIJQLILFDQFH" RI SRWHQWLDO MRFWURQBHQYWBDB !
environmental sensitivity*? of the project site as described in the directory:

(i) BURMHFWY ZLWK VLJQLILFDQW DGYHUVH HQYLURQPHQW
HQYLURQPHQWDO LPSDFW UHSRUW (,5 LV UHTXLUHG

i) 3URMHFWV ZLWK DGYHUVH HQYLURQPHQWDO LPSDFWV ZK|
VLIJQLILFDQFH WKDQ WKRVH RI FDWHJRU\ $ IRXLDKIGK D V
DQG

i) 3URMHFWV XQOLNHO\ WR KDYH DGYHUVH HQYLURQPHQ

HQYLURQPHQWDO LPSDFW UHJLVWUDWLRQ IRUP (,5) LV L

30. Afull EIR and a simplified EIT UHSRUW DUH V L PdteddylA RIARark' eatgaory B
IEE reports, respectively. The EIRF is similar to an ADB category C project (Section II.F).

1'Q WKLY UHSRUW 3*HQYLURQPHQWDONP RQ LAVRBOHFIV LLHII HIQW IWIAR QRKHHETIMDOL GID W D |
measurements or through sampling followed by laboratory testing of samples.
12 Environmentally-sensitive areas are defined in the Decree, and include (i) nature reserves and protected areas,
scenic areas, world cultural and natural heritage sites, drinking water source protection zones; (ii) basic farmland and
grassland, forest parks, geological parks, important wetland, natural woodland, critical habitats for endangered plant
and animal species, important aquatic spawning/nursery/wintering/migration grounds, regions suffering from water
resource shortage, serious soil erosion areas, desertification protection areas, eutrophic water bodies; and
(iii) inhabited areas with major residential, health care, scientific research, and administration functions, cultural
heritage protection sites, and protection areas with historical, cultural, scientific, and ethnic values.
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31. EIA follow-u p actions. In 2015, the MEP issued decree Management Measures for
Environmental Impact Post Assessment of Construction Projects (MEP Decree 2015-37, item 21).
Under this decree, a trial program was implemented on 1 January 2016 requiring follow-up actions
3 to 5 years after commencement of project operation for large infrastructure and industrial
projects or projects located in environmentally-sensitive areas. These actions include
environmental monitoring and impact assessment to verify the effectiveness of environmental
protection measures and to undertake any corrective actions that might be needed. The decree
also specifies that the institute that did the original impact assessment for the project cannot
undertake environmental impact post-assessment for the same project.

32. EIA guidelines. The MEP has issued a series of technical guidelines for preparing EIAs
(Table 11-2). These include impact assessment guidelines on general EIA implementation and
principles, atmospheric environment and ambient air quality, noise, surface water, groundwater,
ecology and regional biodiversity, biodiversity monitoring, quality management on environmental
monitoring, and public participation.

Table II-2: PRC EIA Guidelines

*XLGHOLQHV "DWH
+- 7HFKQLFDO &ULWHULRQ IRU (FRV\WWHP 6WD\
+- 7HFKQLFDO *XLGHOLQHV IRU 30DQQLQJ (,$
+- 7HFKQLFDO 5HJXODWLRQ IRU $PELHQW $LU 4
+- 7HFKQLFDO *XLGHOLQHV IRU (,$ *+ *HQHUDO ¢
+- 7HFKQLFDO *XLGHOLQHV IRU (,$ + (FRORJLFD!
+- *XLGHOLQHV IRU 7THFKQLFDO 5HYLHZ RI (,$ R
+- 6WDQGDUG IRU WKH $VVHVVPHQW RI 5HJLRQ
+- 7HFKQLFDO *XLGHOLQH RQ (QYLURQPHQWDO
7HFKQLFDO *XLGHOLQHV IRU (,$ 3XEOLF 3DUWLFLSD
+- 7HFKQLFDO *XLGHOLQHV IRU (,$ + *URXQGZD'
+ - 7HFKQLFDO *XLGHOLQHV IRU (,$ + $FRXVWLF
+- 7HEFKQLFDO *XLGHOLQHV IRU (,$ + SWPRVSKH
- 7 7HFKQLFDO 6SHFLILFDWLRQV IRU B8UEDQ )XJ
- (QOYLURQPHQWDO DQG +\JLHQH 6WDQGDUGYV
+- 7 7HFKQLFDO *XLGHOLQHV IRU (,$ + 6XUIDFH

Source: ADB PPTA consultants.
E. Project Domestic Environmental Assessment

33. Under MEP Decree Management Measures for Environmental Impact Post Assessment
of Construction Projects (MEP Decree 2015-37), the project was classified as requiring the
preparation of an EIT report. The report was prepared by the Zhonghuanbohong Environmental
Source Company, Jinan Division. The company has 30 staff and is certified by the MEP to
undertake category A, B, and C assessments, including transportation projects for 2010 to 2019.

34. The domestic EIT report was reviewed by JEPB. A draft report was submitted in early
March 2017, and a revised report was submitted in 7 April 2017. The EIT report was formally
approved by JEPB on 3 May 2017.

F. Environmental Standards

35. PRC environmental standards . Standards issued by the MEP generally consist of
environmental quality (ambient) standards applicable to the receiving environment and emission
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standards applicable to the pollution source. The former includes standards for ambient air quality,
noise and vibration, surface water, groundwater, soil, etc. The latter includes standards for
integrated wastewater discharge, construction and community noise, odor and air pollutants, etc.
(Table 11-3).

Table 11-3: Applicable PRC Environmental Standards

1R 6WDQGDUGV
* % $PELHOW $LU 4XDOLW\ 6WDQGDUGYV
* % $LU BROOXWDQW ,OQOWHJUDWHG (PLVVLRQ 6WDQGDU
* % (QYLURQPHQWDO 4XDOLW\ 6WDQGDUG IRU 1RLVH
* % (QYLURQPHQWDO 4XDOLW\ 6WDQGDUGV IRU 6XUIDF}
* % , QOWHJUDWH®G/HOWWMERDUJH 6WDQGDUG
* % (PLVVLRQ 6WDQGDUG IRU &RPPXQLW\ 1RLVH
* % 6WDQGDUG RI (QYLURQPHQWDO 9LEUDWLRQ LQ 8UEEL
* % (PLVVLRQ 6WDQGDUG RI (QYLURQPHQWDO 1RLVH IR
*% 7 7THFKQLFDO 6SHFLILFDWLRQV IRU 5HJLRQDOL]LQ.
GB12348-2008 Noise Standards for Industrial Enterprises at Site Boundary
* % 'HVLJQ 6SHFLILFDWLRQV IRU 1RLVH ,QVXODWLRQ RI
* % (PLVVLRQ 6WDQGDUGV IRU 2GRU 3ROOXWDQWYV
*% 7 4XDOLW\ 6WDQGDUG IRU *URXQG :DWHU
* % (QYLURQPHQWDO 4XDOLW\ 6WDQGDUG IRU 6RLOV

GB50210-94 Standard for Flood Control
GB11340-2005 Limits and Measurement Methods for Crankcase Pollutants from Heavy-duty
Vehicles Equipped with Pressure Ignition Engines
GB17691-2005 Emission Limits and Measurement Methods for Exhaust Pollutants from Vehicle
Compression-Ignition and Gas Fueled Ignition Engines
GB18285 -2005 Limits and Measurement Methods for Exhaust Pollutants from Vehicles Equipped
with Ignition Engines
GB18352-2005 Limits and Measurement Methods for Emissions from Light Duty Vehicles

Source: ADB PPTA Consultants and domestic EIT report (2017).

36. As noted DERYH $'% T kqurd$ borrowers to follow environmental standards
consistent with good international practice as reflected in internationally recognized standards
VXFK DV WKH :RUO GEMoB:Qidelinés RIMSHINdst country regulations differ from these
levels and measures, the borrower is to achieve whichever is more stringent. If less stringent
levels or measures are appropriate in view of specific project circumstances, the borrower/client
is required to provide justification for any proposed alternatives. Both PRC standards and EHS
guidelines are used in this assessment as described below.

37. Air quality. Ambient air quality limits are intended to indicate safe exposure levels for the

majority of the population, including the very young and the elderly, throughout an inGLYLGXDO TV
lifetime. Limits are given for one or more specific averaging periods, typically 1-hour average, 24-

hour average, and/or annual average. The longer averaging period such as 1 year is more

applicable to assessing impacts from multiple or regional sources, while shorter averaging periods

such as 24 hours and 1 hour are more applicable to assessing short-term impacts from project-

related activities such as from peak hour traffic or daily or peak construction activities. 7KH 35& TV
updated Ambient Air Quality Standards (* % has two classes of limit values: class 1

standards apply to special areas such as nature reserves and environmentally-sensitive areas;
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and class 2 standards apply to all other areas, including urban and industrial sites. The PRC
standards for class 2 areas are applicable for the project.*®

38. The World Health Organization (WHO) Air Quality Guidelines are international standards
and are adopted in the EHS Guidelines. In addition to guideline values, interim targets (IT) are
given for each pollutant as incremental targets in a progressive reduction of air pollution.

39. The WHO guidelines and corresponding PRC standards are presentedin 7TDEOH ),URP
D UHYLHZ RI WKH WDEOH LW FDQ EH REVHUYHG WKDW

0] For TSP, there are PRC standards but no corresponding WHO guidelines.

(ii) For PMyo, PRC class 2 annual average and 24-hour average standards meet WHO
IT-1 guidelines (there are no 1-hour average standards or guidelines for PRC or
WHO).

(iii) For PM2s, PRC class 2 annual and 24-hour standards meet WHO IT-1 guidelines
(there are no 1-hour standards or guidelines for either PRC or WHO).

(iv) For SO,, WHO only has a 24-hour average guideline (0.125 mg/m?), which is
slightly lower than the PRC standard (0.150 mg/m?). However, SO, levels are low
in the project area, and the project will not contribute SO, emissions so the very
minor difference is inconsequential.

(V) For NO2, the PRC standard is equivalent to the WHO annual average guidelines,
there is no WHO 24-hour average guideline; and the 1-hour average PRC standard
is equivalent to the WHO guideline.

40. Overall, the PRC standards show a high degree of equivalency to the WHO guidelines or
IT-1 values, and are adopted for use in this report.

41. Fugitive particulate matter.  Fugitive emission of particulate matter such as dust from
construction sites is regulated under the 35 & pAr Pollutant Integrated Emission Standard
(GB16297-1996), which sets 120 mg/m? as the maximum allowable emission concentration and
” P J3Rs the concentration limit at the boundary of construction sites (with no specification
on particle diameter). There is no equivalent standard recommended in the EHS Guidelines, and
the PRC standard is adopted for use in this IEE report.

13 0On 29 February 2012, the China State Council approved the roadmap for ambient air quality standards to improve
the environment and human health. The Ambient Air Quality Standards (GB3095-2012) prescribes the first-ever limits
for PM2s. It also modified the previous area classifications by combining class Ill (special industrial areas) with class
Il (residential, mixed use areas).
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7TDEOH ,, & R P S BROAARIENtRAIF Quality Standards ( * % and WHO
Ambient Air Quality Guidelines
$LU 35&*% :+2 (+6 *XLGHOLQF
$YHUDJL J P J P
A4XDOL - “3hyLRG
SDUDPI &ODVYV , &ODVYV , ,QWHULP 7 $4*
\HD U QD Q D
763 KR XU QD QD
\HDU
30 KR XU
\HDU
30 KU
\HDU QD QD
62 KR XU
KRXU QD QD
\HD U Q D
12 KRXU Q D QD
KRXU Q D
Os KRXU Q D Q D
KRXU Q D Q D Q D Q D
KRXU Q D Q D
&2 KRXU Q D Q D
KR XU QD QD

QD QRW DSSOLFDEOH
Source: WHO Air Quality Guidelines (2006) in IFC EHS Guidelines (2007), and PRC GB3095-2012.

42. Noise. Table II-5 presents the relevant PRC Environmental Quality Noise Standards
(GB3096-2008) compared with relevant international guidelines from WHO (as presented in the
EHS Guidelines). The classes within the standards are not directly comparable as the PRC noise
standards are set in different zones and WHO standards concern noise at specific receptors.
Traffic noise and noise at sensitive receptors need different standards to be applied: the PRC
Environmental Quality Noise Standards (GB3096-2008) will be used for traffic noise while the
EHS Guidelines will be applied for noise at sensitive receptors.

43. Table 11-6 presents the relevant PRC and international standards (US EPA, IFC EHS
Guideline: Occupational health and safety standards) for on-site construction noise. 7KH 35& TV
Emission Standard of Environmental Noise for Boundary of Construction Site (GB12523 £2011)
regulates construction noise, limiting construction noise levels at the construction site boundary

to 70 dB(A) in the day time (0600 22200 hours) and 55 dB(A) at night (2200 #600 hours).
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7TDEOH 35&(QYLURQPHQWDO 4XDOLW)\ 6\WWB3Q¥%BR200& YV IRU 1RLVH

PRC Standards International Standards Comparison
Leq dB(A) One Hour Leq dB(A)
Class Day Night Day Night
06-22h  22-06h 07-22h 22-07h

0: Areas needing 50 40

extreme quiet, such

as special health WHO Class I:

zones .Res'lde.ntlall, WHO Class I Classes are not
I: Mainly residential; and 55 45 |ndst|tutt|_ona|,. Residential, directly

cultural and gsuca lonat: institutional, comparable, but

educational educational: PRC Class Il

institutions 45 standards exceed
II: Mixed residential, 60 50 x]v d't(gt%‘f‘ss Il: WHO Class I

commercial and commerc’ial' WHO Class II:  standards. PRC

industrial areas 20 ' Industrial, standards are
II: Industrial areas 65 55 Commercial: utilized in this
IVa: Area within 35 m 70 55 70 report.

on both sides of urban
trunk roads (Class Il
and above)
IVb: Both sides of 70 60
railway lines
Source: WHO Noise Quality Guidelines (1999) in IFC EHS Guidelines (2007), and PRC GB3096-2008.

Table 1I-6: PRC Noise Emission Standard for Construction Site Boundary (GB 12523-2011)
and Relevant International Guidelines
Day Leg Night Leq International Standards
dB(A) dB(A) Leq dB(A)

IFC EHS Guideline: Occupational Health
and Safety: 85 (Equivalent level
LAeq,8h)

110 (Maximum
LAmax,fast)

Source: US EPA, IFC Occupational Health and Safety standard and PRC GB12523-2011.

US EPA 85 (day, 8

70 55
hour exposure)

44, Surface water. The 35 & {Surface Water Ambient Quality Standard (GB3838-2002)
defines five water quality classes for different environmental functions (7D E O H. Class | is the
highest quality, suitable for head waters and national nature reserves. Class Il is suitable for
drinking water sources in class | protection areas, habitats for rare aquatic organisms, breeding
grounds for fish and crustaceans, and feeding grounds for fish fry. Class lll is suitable for drinking
water sources in class Il protection areas, wintering grounds for fish and crustaceans, migration
routes, water bodies for aquaculture and capture fishery, and swimming activities. Class IV is
suitable for general industrial use and non-contact recreational activities. Category V is the worst
quality, suitable only for agricultural and scenic water uses. Class lll standard is applicable to the
project.
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7D E Q,H 35 &Surface Water Ambient Quality Standard ~ (GB3838-2002)

:DWHU 4XDOLW\ &DWHJRU\
9 9

3DUDPHWHU
S+

'LVVROYHG R[\JHQ '2 >PJ /@ VDWXU . . . .
RU -

SHUPDQJDQOQDWH ERGH@ ,
&KHPLFDO R[\JHQ GHPDQG &:
GD\ %LRFKHPLFDO R[\JHQ G
>PJ /@

$PPRQLD QLWURJHBIJ 1@
7TRWDO SKRVSKRUXV DV 3 >F
/IDNHV UHVHUYRLUV
7TRWDO QLWURJHQ ODNHV Ut
&RSSHU &X >PJ /@

=LQF =Q >PJ /@
JOXRULGH>BY /)@

6HOHQLXP 6H >PJ /@
$UVHQLF $V >PJ /@
OHUFXU\ +J >PJ /@
&DGPLXP &G >PJ /@
&KURPLXP &U KH[DYDOHQW
/HDG 3E >PJ /@

&\DQLGH &1 >PJ /@
9RODWLOH SKHQRO >PJ /@
7TRWDO SHWUROHXP K\GURFDI
$QLRQLF VXUIDFWDQW /%6
6 XOILGH >PJ /@

JHFDO FROLIRUP EDFWHULD >
6 R X UIFEIEHS Guidelines (2007) and PRC GB3838-2002.

45, Groundwater. 7 KH 35 &fovndwater Water Ambient Quality Standard (GB/T14848-
93) is presented in Table 11-8. Class Il standard is applicable to the project. There is no equivalent
standard recommended in the EHS Guidelines, and the PRC standard is adopted for use in this
report.

46. Wastewater. Discharge of wastewater from construction sites is regulated under the
35 & Integrated Wastewater Discharge Standard (GB8978 #1996) ( 7D E O H. Class 1 standard
applies to discharge into class Il water bodies under GB3838 £2002; class 2 standard applies to
discharge into class IV and V water bodies; and class 3 standard applies to discharge into
municipal sewers going to municipal wastewater treatment plants (WWTPs) with secondary
treatment. No new discharge of wastewater into class | and Il water bodies is allowed. The EHS
Guidelines does not have ambient water quality standards, and recognizes the use of national
and local ambient water quality criteria. Class Ill standard is applicable to the project.
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7D E O H Applicable Groundwater Standard (Class Ill, GB/T14848-93 Quality Standard f or

Groundwater)
No Parameter Unit Class Il Standard
1 pH - 6.5-8.5
2 CODwn mg/l 3.0
3 Sulfate mg/l 250
4 Chloride mg/l 250
5 Volatile Phenols mg/l 0.002
6 Total hardness (CaCO3) mg/l 450
7 Nitrate NOs- mg/l 20
8 Nitrite NOo. mg/l 0.02
9 Ammonia Nitrogen NHz-N mg/l 0.2
10 Molybdenum mg/l 0.1
1 Cyanide mg/l 0.05
12 Cadmium mg/I 0.01
13 Chromium VI mg/l 0.05
14 Arsenic mg/l 0.05
15 Zinc mg/l 1.0
16 Fluoride mg/l 1.0
17 Lead mg/I 0.05
18 Iron mg/| 0.3
19 Manganese mg/| 0.1
20 Copper mg/| 1.0
21 Selenium mg/| 0.01
22 Total coliforms /L 3.0

Source: ADB PPTA Consultants and GB/T14848-93.
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47. Soil quality. Soil quality in the PRC is divided into three classes according to the
Environmental Quality Standard for Soils (GB15618-1995). Class 1 represents the best and class

3 theworst (7D E O H).,The EHS Guidelines do not have standards for soil quality.
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48. Electromagnetic radiation and traction substations. The PRC standard Controlling

Limits for Electromagnetic Environment (GB8702-2014) was developed for the purpose of
implementing the Environmental Protection Law with respect to enhancing the management of
electromagnetic environment and safeguarding public health. * The standard refers to
international accepted guidelines and standards including ICNIRP Guidelines for Limiting
Exposure to Time-Varying Electric, Magnetic and Electromagnetic Fields (300 GHz and less)
(1998) © D Q@EGE Standard for Safety Level of Human Exposure to 0-3 kHz Electromagnetic Field,
The standard specifies the limits and assessment method for public exposure to electric, magnetic
and electromagnetic fields (1 Hz-300 GHz) and the scope for exemption of relevant facilities and
equipment. With the precondition of meeting the limits of the current standard, owners of facilities
(equipment) generating electric, magnetic and electromagnetic fields are encouraged to comply
with the precautionary principle and take effective measures to reduce public exposure. The
standard was released in 1988 and revised in 2014.

49. Under the standard power transmission and transformation facilities with alternating
current (AC) voltages less than 100 kilovolts (kV) are exempt from electromagnetic environment
management because at such voltage levels measured electromagnetic field values do not
exceed standard limits. The project will construct or rehabilitate a total of 44 10 kV traction
substations. In accordance with the standard, these substations are exempt from electromagnetic
impact assessment and management.

50. Summary of environmental standards applicable to the project. T able 1l-11 presents
the environmental standards applicable to the project based on requirements set forth by the
Jinan EPB as presented in the domestic EIT report and the above review of equivalency of the
PRC and international standards.

14 The standard is an integration and revision of Regulations for Electromagnetic Radiation Protection (GB8702-88)
and Hygienic Standard for Environmental Electromagnetic Waves (GB9175-88).
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Parameter

Applicable PRC Standard

Remarks

Ambient air
quality

Ambient Air Quality Standard
(GB3095-2012), Class Il

Yearly average:
PMzo: 0.070 mg/m?3

PM2s: 0.035 mg/m?
SOz2: 0.06 mg/m?
NOz2: 0.04 mg/m?3
CO: 4.0 mg/m3
Daily average:
TSP: 0.30 mg/m?3
PMio: 0.15 mg/m?
PM2s: 0.075 mg/m?®
S0Oz2: 0.15 mg/m?
NO2: 0.08 mg/m?3
CO: 4.0 mg/m3
Hourly average:
SO2: 0.50 mg/m?3
NOz: 0.20 mg/m?
CO: 10.0 mg/m?

Construction air
pollutant emission

Air Pollutant Integrated Emission
Standard (GB16297-1996)

Maximum allowable emission concentration:
Particulate matter (PM): 120 mg/m?3
Fumes from asphalt plant: 40 mg/m? during
production and 75 mg/m? during mixing

Limits for fugitive emission:
30 7 P J & construction site boundary
Fumes from asphalt plant: no obvious emission at
asphalt production plant

Environmental
noise

Environmental Quality Standard

for Noise (GB3096-2008):
. Class IVa for areas within 35
m of the trolley bus corridors
. Class Il for areas 35 to 200
m from the trolley bus
corridors

Class lva areas:
Day time: 70 dB(A)
Night time: 55 dB(A)
Class Il areas:
Day time: 60 dB(A)
Night time: 50 dB(A)

Construction
noise

Emission Standard of
Environmental Noise for Boundary
of Construction Site (GB12523-
2011)

Noise level at construction site boundary:
Day time: 70 dB(A)
Night time: 55 dB(A)

Surface water
quality

Environmental Quality Standards
for Surface Water (GB3838-2002),
see Table II-7

. Class lll standard for Yellow River (drinking water

source), and Mulizhuang section of Xiaoging
River
. Class IV for Daming Lake

: Class IV for Xiaoging River (excluding Mulizhuang

section)
Discharge into Class Ill water body:
&2' " PJ O
BODs " PJ O
66 " PJO
73+ " PJ O
Wastewater Integrated Wastewater Discharge NHs:-1 " PJ O
discharge Standard (GB8978-1996) Discharge into Cateqgories IV and V water bodies
&2 " PJ O
BODs ~ PJ O
66 " PJ O
73+ " PJ O
NHs-1 7 PJ O

Sources: Domestic EIT report (2017) and PPTA consultant.
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G. International Agreements

51. Relevant international agreements. The PRC is a signatory to a number of international
agreements relevant to environment protection. Those relevant to the project, along with the dates
of signing by the PRC, are listedin 7T/DEOH ,,

7TDEOH ,, $SSOLFDEOH ,OWHUQDWLRQDO $JUHHPHQWYV ZLWK

1R 1DPH RI $JUHHPH 35%D6V\|;|‘E|Q $IJUHHPHQW 2EMHFWLY

1 Convention Concerning the  1985.12.12 Conserving cultural and natural heritage sites.
Protection of the World
Cultural and Natural

Heritage
ORQWUHDO 3URW 7R SURWHFW WKH R]JRQH OD\HU
6XEVWDQFHYV 7KD RI VXEVWDQFHVY WKDW GHSOHWI
WKH 2]RQH /D\HU
8QLWHG 1DWLRQ\ 7R DFKLHYH VWDELOL]DWLRQ RI
&RQYHQWLRQ RQ FRQFHQWUDWLRQV LQ WKH DWP
&KDQJH OHYHO WR SUHYHQW GDQJHURX"
LOQOWHUIHUHQFH ZLWK WKH FOLP
ARWR 3URWRFRO 7R IXUWKHU UHGXFH JUHHQKR X\
1DWLRQV )UDPHZ HQKDQFLQJ WKH QDWLRQDO SUF
&RQYHQWLRQ RQ FRXQWULHY DLPHG DW WKLV JRI
&KDQJH SHUFHQWDJH UHGXFWLRQ WDUJ

FRXQWULHYV

Source: ADB PPTA consultants.

II. DESCRIPTION OF THE PROJECT

A. The Project

52. The proposed project will establish a 111.2 km of prioritized high quality BRT lanes served
by electric trolley buses over 39 routes. Along the network corridors, there will be (i) 158 high
guality median trolley bus stations, including 93 new bus stations and upgrading of 65 existing
bus stations; (ii) 16 trolley bus depots, including 8 new depots and upgrading of 8 existing depots;
(iii) 36 power traction substations along or nearby the network corridors; (iv) 111 km of overhead
power wires; and (v) a total of 735 modern trolley buses, including 292 18 meter (m) long buses
and 443 12 m buses.

B. Rationale

53. Jinan, the capital of Shandong Province, is one of the most congested and polluted cities

in the PRC. The project is intended to improve the urban environment through creation of a high

guality zero-emission BRT network, complemented by policy measures to reduce demand for

travel by private vehicles. Building the infrastructure for integrated BRT routes and providing

modern electric trolley buses will reduce pollution and traffic congestion, increase public transport
ULGHUVKLS DQG LPSURYH WKH RYHUDOO HW®YHUY\WeliRbjEdt WilQ F\ RI WK
demonstrate how a large city developed with private vehicle-oriented policies can be converted

to a public transport-oriented city, and change the course of urban transport development to a

more sustainable direction.
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54. Strategic context. Cities in the PRC have achieved remarkable rates of urbanization, and
urban transport has been vital to this development. However, rapid urbanization has also induced
new challenges including growing traffic congestion, worsening air quality that threatens public
health, increasing GHG emissions that contribute to climate change, and more road crashes.
These challenges have serious implications for urban transport policy, but cities in the PRC still
have many unexploited opportunities to reduce the negative impacts of these challenges.
Developing high quality urban public transport in the PRC cities is a trigger to change urban
transport development directions from options that favor private vehicles to more sustainable
urban transport and nonmotorized-oriented options supported by integrated multimodal
passenger transport facilities and TDM measures.

55. Urban transport in Jinan.  As of 2016, Jinan has a population of 7.07 million and a fleet
of 1.74 million private vehicles that is growing by 20% a year. **> The city has grown physically by
a factor of four over the last 10 years with a high spatial concentration of traffic in the city center
and growing travel demand from new outlying districts to the east and west. As in many PRC
cities, traffic congestion and air pollution have worsened as urban development progressed. Jinan
overtook Beijing as the most congested city in the PRC in the first quarter of 2016 and is ninth of
the 10 most air polluted cities in the PRC overall, with transport contributing 15% of the most
harmful PM2.5 emissions.®

56. JMG owns JPTC, which operates over 5,000 buses serving 2.1 million passengers per
day. Although the city is trying to retain its 18% public transport mode share with seven BRT
routes, ordinary bus services, and four trolley bus lines, the share is declining and the quality of
the current public transport system is not capable of reversing the trend. The city is developing
three underground metro lines, but none can serve the urban center due to restrictions to protect
WKH FLW\TV PDQ\ QDWXUDO DUWHVLDQ VSULQJV

57. Jinan is developing a low emission zone (LEZ) in the densest part of the city, roughly
bounded by the moat and springs that historically protected the old city center, where centers of
retail and other businesses, cultural and natural heritage, leisure, and government are situated
closely together. The LEZ will be supported by TDM measures including restrictions on private
vehicles, parking management, and improved nonmotorized transport. These combined
measures will encourage the use of public transport and serve as a demonstration for the rest of
the metropolitan areafor VROYLQJ WKH F litywanfl énir&rimdntaV/ r&blems.

58. A modern BRT system can greatly increase efficiency and level of service through
dedicated lanes, signal prioritization, and reduced delays through external fare payment, longer
bays, and passing lanes at median stations. When the speed and convenience of public transport
are improved and integrated with other modes including nhonmotorized options, then passenger
demand can be expected to increase.

59. Trolley bus systems are a sustainable option for urban public transport due to their energy
efficiency and environmental and financial advantages compared with conventional buses and
rail-based public transport. A trolley bus system integrated with the BRT routes can provide high
capacity and zero emission public transport for the central area where the underground metro
cannot be built, and thus increase mode share.

60. Urban transport n eeds. The Jinan transport system faces the following challenges:

15 Jinan Statistics Bureau and Jinan Municipal Police data.
16 PRC. 2017. Ministry of Environmental Protection. Air Quality Report.
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0] the rapidly increasing mode share of passenger cars needs to be controlled and
providing better incentives for mode-shift is in urgent need;

(i) the public bus network with designated bus lanes needs to be expanded and
upgraded to adequately function with desirable flow speed, which requires
improvement of station design with sufficient capacity, signaling system and
intersection alignment;

(iii) bus routes are not matching with passenger travel flows and demand;

(iv) the use of clean fueled vehicles and/or vehicles with less tail gas emissions needs
to be promoted to improve local air quality; and

(V) better provision for TDM is required, including infrastructure and traffic policy
measures.

61. Responding to these challenges, the proposed project aims to improve the urban

environment through creation of a high quality zero-emissions BRT network, complemented by

policy measures to reduce demand for travel by private vehicles. Building the infrastructure for

integrated BRT routes and providing modern electric trolley buses will reduce pollution and traffic

congestion, increase public transport ridership, and improve the overall energy efficiency of the

FLW\fV WUDQVSRUW VA\VWHP 7KH SURMHFWGHNHD RBFHHPER LW K DSVH.
vehicle oriented policies can be converted to a public transport-oriented city, and change the

course of urban transport development to a more sustainable direction.

C. Impact, Outcome, and Outputs

62. The project is aligned with the following impact: Priority development of public
transportation through BRT and nonmotorized transport to improve accessibility and service for
passengers and vulnerable groups. The outcome will be reduced traffic congestion and air
pollution in Jinan City. The project will have three outputs:

63. Output 1: Zero-emission BRT network constructed. This output will establish 111.2 km
of prioritized high quality BRT served by electric trolley buses over 39 routes; 93 new and 65
upgraded median stations with real time passenger information systems; 8 upgraded and 8 new
bus depots; 36 new traction substations and power lines. The existing control center will be
upgraded in tandem with advanced information technology (IT) on board the buses to provide
real-time monitoring and dispatching to increase overall operational efficiency. These features will
be complemented by upgraded intersection designs to facilitate better nonmotorized transport.

64. Output 2: Modern trolley bus and service standards implemented. Updated and
improved trolley bus standards and service standards will be developed. The project will provide
735 modern trolley buses equipped with advance power storage technology and IT systems for
driving assistance and vehicle and power monitoring.

65. Output 3: TDM measures for Jinan prepared.  New TDM measures will target the mode
shift from private vehicles to public transport. Measures include integration of different modes
including bicycles and electric bikes, bus services, urban rail and railway stations, parking
management, and a LEZ in the urban center. Capacity building for their implementation will be
conducted in the EA and IA.
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D. Detailed Project Description

66. Prioritized trolley b us corridors. A prioritized bus corridor refers to a section of road or
contiguous roads with dedicated bus lanes, served by one or more bus routes. The 111.2 km of
prioritized trolley bus network is comprised of three horizontal (east-west) and five vertical (north-
south) corridors. Figure 111-1 shows the 8 prioritized trolley bus network corridors and locations of
the 158 high quality median bus stations, 16 bus depots, and 36 power traction substations.

67. Corridor modifications.  To establish dedicated bus lanes with traffic signal priority, the
proposed corridors will require lane modifications to the existing roads. The prioritized and
dedicated bus lanes will occupy the middle section of the corridors. Depending on the existing
road width, total traffic volume, traffic volume per each vehicle type including e-bikes and other
nonmotorized vehicles, potential mode shift and expected bus ridership, and other traffic flow
analyses, a specific lane configuration will be determined during the detailed engineering design
stage. The provision of pedestrian lane from a safety point of view will be considered. To some
extent, environmental and public health buffer between the road traffic and road side
developments will be also taken into consideration. Figure llI- 2 provides different conceptual
options for lane modification using several examples of existing roads and their conditions in Jinan
City.
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Figure llI-1: Key Project Outputs, including High Quality Prioritized Trolley
and Bus Depots

Bus Network, Bus and Power Stations,




Symbol Legend
Trolley Bus Rapid Transit Comidors (111.2 km)
H1 Qingdaoclu-Beiyuandajie-Gongyebeilu (28.0km, 43 BRT
Stations)
u H2 Manxinzhuang-Jinggilu-Louyuan-Jiefang- Gongyenanlu (21.1
km, 34 BRT Stations)
H3 Erhiuannaniu{(14.0 km, 20 BRT Stations)
Wi Erhuanxilu{12.4 km, 17 BRT Stations}
il W2 Weishierlu-Yangguang-Jiuquzhuang (9.8 km, 15 BRT Stations)
; V3 Lishan (4.8 km, 5 BRT Stations)
- V4 Erhuvandonglu{13.4 km, 17 BRT Stations)
VB | Anitizhonglu (8.7 km, T BRT Stations)

BRT Stations — Improved (&5)

ERT Stations — MNew {93)

Bus Depots— Improved (8}

Bus Depots — New (3)

Command and Control Center {included in new Bus Depots)

i

Traction Substations (40}

Sources: Project FSR (2017) and Google Earth (2017).
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Figure IlI-2: Lane Modification Options under Consideration
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68. Prioritized bus stations. To facilitate rapid bus flow, the network will use median bus
stations instead of curbside stations. Figure 1lI-3 presents conceptual designs for the two types
of median stations that will be constructed, island style and split style. The typical footprint of an
island style station will be approximately 115 m long and 6 m wide, while the typical footprint of
each sectional station in one direction (in a split type median station) will be approximately 55 m
long and 6 m wide. The average distance between stations will be between 600 m and 1.2 km.

69. Flood risks will be incorporated into the detailed engineering design of the stations. They
will be elevated to approximately 36 centimeters (cm) above from the existing road level and
adequate drainage systems will be designed taking into consideration the result of Jinan hydraulic
modelling.

70. Trolley b us depots. Sixteen trolley bus depots will be established, including 8 existing
depots which will be upgraded to accommodate trolley buses and 8 new depots.

71. The main activities involved in upgrading existing depots include surface hardening with
concrete or asphalt and installing trolley bus charging facilities. No depot area expansion will be
required, as all upgrading activities will be within the existing bus depot premises. The
establishment of new depots will include construction of dispatching offices, workshops, and
transformer rooms. Table IlI-1 provides summary descriptions of the depots to be upgraded.

Table IlI-1: Existing Bus Depots

Existing Depots Depot Building Total floor Improved Improvement Activities
footprint area area parking
(m?) (m?) (m?) area (m?)
1. Dawei 12,000 500 500 10,000 Surface hardening, charging
facility.
2. Quanfu flyover 9,000 800 800 8,143 Surface hardening, charging
facility
3. West passenger 23,000 300 500 10,000 Surface hardening, charging
railway station facility
4. Yaojiazhuang 5,000 500 500 4,000 Surface hardening, charging
facility
5. Jinan University 16,000 500 500 13,000 Surface hardening, charging
facility
6. Xinxi road north 12,000 500 500 10,000 Surface hardening, charging
intersection facility
7. Jinan bus driver 37,000 550 800 8,000 Surface hardening, charging
school facility
8. Jinqu 20,000 400 800 8,000 Surface hardening, charging
facility

Source: FSR (2017).

72. Eight new bus depots will be established nearby the trolley bus network. New bus depots
will have (i) the construction of a single or multi-storey building that can accommodate operation
dispatching, safety inspection, vehicle repair, materials, and part storage and other office support;
(if) ground leveling and surface hardening at parking space; and (iii) landscaping activities. Table
I1I-2 provides summary descriptions for the new depots.



Figure IlI-3: Conceptual Median Bus Station Designs
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Table I1I-2: New Bus Depots

New Depots Depot  Building  Total Parking Land- Facilities
footprint area floor space scaping
(m?) (m?) area (m?) (m?)
(m?)
1. Bus depot at 15,000 2,627 4,540 10,000 2,373  Office, repair workshop area,
Tangye bus material storage, fleet cleaning
interchange hub area, transformer & utility

URRP GULYHUVTY UI

facility

2. Huanggang bus 12,000 5435 27,455 5,500 1,065 21ILFH GULYHUVTY L

depot transformer & utility room,
charging facility

3. Bus depot at East 12,400 1,578 6,108 9,000 1,822  Office, repair workshop area,

branch of GULYHUVY URRP W
provincial hospital utility room, charging facility

4. Jiangshui spring 8,000 401 760 7,000 599 Office, repair workshop area,
bus terminal charging facility
depot

5. Bus depot at 49,800 21,345 55,028 23,000 5,455 Repair workshop area,
Suncun bus PDWHULDO VWRUDJ
repair center charging facility

6. Bus depot at 8,200 1,220 7,700 6,000 980 Office, repair workshop area,
West Passenger charging facility

railway station
settlement zone 1

7. Jiluo road bus 10,000 1,200 2,000 7,800 1,000 Office, repair workshop area,
depot GULYHUVY URRP W
utility room, charging facility
8. Bus depot at 16,400 1,450 1,450 13,000 1,950 Office, overhaul workshop
Hanyu bus area, fleet cleaning area,
interchange hub transformer & utility room,

charging facility

Source: FSR (2017).

73. The detailed engineering design of the bus depots will incorporate flood risks, as some of
the depots are located in lower catchment areas with higher flood risks. Drainage system design
will also be included and will take into account the results of Jinan hydraulic modelling, particularly
with respect to those depots at risk.

74. Table 1 of Appendix B provides aerial and site views of both existing and new depot
sites, as well as site ecological conditions.

75. Modern trolley b uses. A trolley bus is an electrically propelled bus using an electrical
motor that receives its energy from an overhead contact line (OCL). Modern trolley bus uses a
direct current (DC) motor. Electricity from the overhead contact line (OCL) powers the DC motor
and other operational on-board electrical and electronic equipment such as lighting, heating, air
conditioning, and ventilation. Trolley buses are equipped with two trolley poles, fitted in parallel
on the top of the buses, which draw the traction current from the two OCLs. Modern systems allow
automatic lowering of the trolley poles and wire engagement.
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Figure IlI-4: Reference P ictures of Trolley B uses

Reference pictures of a 12 m long trolle

y bus

R

eference pictures of a 18 m long trolley bus

Gl R T jo i
Source: ADB PPTA team.
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Table IlI-3: Trolley B us Technical Parameters

Items

Technical Parameters

12 Trolley Bus es

18 m Trolley Bus es

Total length * Total width (mm)

11,990*2,540

17,990*2,540

Total height (mm) 3,480 3,480
Front overhang (mm) 2,640 3,350
Headroom (mm) 2,540 2,540
Step height (cm) 36 36
Gross weight (kg) 18,000 28,000
Passenger seats 34 37
Maximum passenger capacity 90 150
Maximum speed (km/h) 69 69
Power battery Lithium ion battery Lithium ion battery
Monomer battery capacity 89 147
(AH)

Total voltage/capacity 400V/105Ah 400V/105Ah
Battery driving range (km) 10 10
Motor model 100kw/150kw 100kw/150kw

permanent magnet synchronous
motor, control voltage: 750 (DC);

permanent magnet synchronous

motor, control voltage: 750

(BC);
Driving mode Direct Drive Direct Drive
Controller voltage 750 DC 750 DC
Rated/peak power (kw) 100 150
Turning circle (m) 25 25

AH = amhea, kg = kilogram, km = kilometer, kw = kilowatt, m = meter, mm = millimeter.
Sources: Domestic FSR (2017) and ADB PPTA team.
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76. Modern trolleybuses are usually equipped with an auxiliary power unit (APU) that takes
over as the energy source when a trolleybus must disconnect from the OCL. Trolley buses in this
project will use battery APUs charged via trolley poles. Considering recharging time, the off-wire
distance needs to be planned. Trolley buses to be used in this project will use have strong battery
systems with an average driving range of 10 km.

77. Overhead contact lines. The OCL network will be installed along the trolley bus network.
OCLs will be held in position using either anchors to building walls or poles, though the use of
poles is the prevailing method. The pole design can ensure different urban utility uses can be
mutualized into a single pole, including street lighting and OCLs for trolley buses, so that the OCL
network can blend into local architecture and landscape.

78. Trolley buses will leave, enter, or cross OCLs. Electrical switches will separate two lines,
mechanical switches will link two lines, while crossings will enable a trolleybus to cross two lines
at different angles. The pipe (also called tube) system design is common where switches and
crossings are suspended under the two continuous uninterrupted OCLs (positive and negative)
and are interconnected by copper tubes. This system is simple to implement and to repair in case
of a failure, like derailing, because only the pipe gets damaged but the contact wire remains in
place. In addition, in case of changing operational requirements and/or changes in the assignment
of trolley bus routes, it is easy to move switches and crossings.

79. Unlike old networks where trolley buses must pass at reduced speed at OCL crossings to
avoid uncontrolled wire disengagement, technological advancements in modern overhead wire
systems allow trolley bus speeds of 50 to 70 km/h. The lifespan of contact wires is up to 35 years.

80. Traction power substations.  Traction power substations are required to convert high
voltage alternating current (AC) from the public utility service into an appropriate voltage, current
type and frequency to supply trolleybuses with traction current, which is usually low voltage DC.
Transformers at power traction substations needs to be properly sized. If too small, the OCL will
lack power, while if too big, it will be unnecessarily expensive to acquire and will generate
significant no-load losses of power.

81. Box type transformers and power supply outlet devices will be installed at each power
traction substation. A total of 36 traction substations will be required to provide an adequate supply
of electricity to the trolley bus fleet, which was calculated taking into consideration various factors
including the number of trolley buses running at the same time, power cable load flows, and
material and type of OCLs. The estimated optimal power supply radius is 1.5 km from each
substation.

82. Traction substations will typically have an 80 m?footprint, and will be installed on roadside
or underpass landscape strips. Figure IlI-5 presents pictures of a typical traction substation,*’
Table 111-4 shows their locations along the corridors, and Table 2 in Appendix B presents traction
substation site photos and conditions.

17 Also see Figure IlI-1.



Source: ADB PPTA team (2017).

Table IlI-4: Location of Traction Power S ubstations
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Footprint

Corridor No. Descriptive Location (m?) Site Status
H1. Qingdaolu- 1 400 meter south from Qizhou road of Qingdao 80 Road-side landscaping
Beiyuandajie- road
Gongyebeilu 2 100 m east from Weifang intersection of Qingdao 80 Road-side landscaping
road
3 100m east from Huanggang intersection 80 Underpass landscaping
4 80 m west from West Gongshang River 80 Underpass landscaping
Intersection
5 140m from west of Shuitun Road 80 Underpass landscaping
6 340m from west of kiln ditch bridge 80 Underpass landscaping
7 Qilu Pharmaceutical Factory at Gongye North 80 Road-side landscaping
Road
8 300m from east of Xingfuliu Square 80 Road-side landscaping
9 East side of Ledong sport center 80 Road-side landscaping
10  Jigang (#21, Gongye North Road) 80 Road-side landscaping
11  Guodian flyover 80 Road-side grasses and
shrubs
H2. Nanxinzhuang- 12 Qinglongshan long-distance passenger station 80 Road-side landscaping
Jinggilu-Louyuan- 13 Vicinity of Nanxinzhuang bus stop 80 Road-side landscaping
Jiefanglu- 14 Provincial prison dormitory 80 Road-side landscaping
Gongyenanlu 15 Blank land in vicinity of tobacco logistics center 80 Road-side landscaping
H3. Erhuannanlu 16 Yangjiazhuang intersection 80 Road-side baren land
17  CNPC 25 Gas Station (Jinan Red-cross 80 Road-side landscaping
Ophthalmic Hospital)
18  300m north from gate of Diequan mountain villa of 80 Road-side landscaping
open sea
19  Shandong Electric Power Research Institute 80 Road-side landscaping
20  Vicinity of south campus zone of Shandong 80 Road-side landscaping
University
21  South of Lvyou Road intersection of the Erhuan 80 Road-side landscaping
East Road
V1. Erhuanxilu 22 300m south from Meili road of Erhuan West Road 80 Road-side landscaping
23  Kuangshan Steel Market 80 Underpass landscaping
24 200m north from Jingliu Road of Erhuan West 80 Underpass landscaping
Road
25  Joint Logistics Department of military region of 80 Road-side landscaping

Erhuan West Road
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Footprint

Corridor No. Descriptive Location (m?) Site Status
26 1000m north of the intersection of south extension 80 Road-side landscaping
section of west ring 2 road and state way 104
V2. Weishierlu- 27  Vicinity of fruit wholesale market at Dikou Road 80 Road-side landscaping
Yangguangxinlu- 28  East gate of Harmony Square 80 Road-side landscaping
Jiuguzhuang 29  Quanjin Wolong Park 80 Road-side landscaping
30  Vicinity of Jiugu parking lot 80 Road-side landscaping
V3. Lishan 31  Vicinity of railway bridge of Lishan Road 80 Road-side landscaping
V4. Erhuandonglu 32  Central green land in opposite to Shimen gas 80 Underpass landscaping
station
33 375m north of Park intersection 80 Road-side landscaping
34  125m north of Hepeingbeilu 80 Road-side landscaping
V5. Aoitizhonglu 35 100m south from Yangliu Road of Aoti Middle 80 Road-side landscaping
Road
36  250m south from Tianchen Road of Aoti Middle 80 Road-side landscaping

Road

Source: Domestic FSR (2017).

83. Power supply remote control center

. The network power supply remote control center

will be established at the Jinan University bus depot. The main functions of the remote control
center will include electrical monitoring, cable power supply monitoring, video monitoring, and
charging facility monitoring.

84. Trolley b us routes. Once the project is fully operational in 2022, the zero-emission
prioritized trolley BRT network will accommodate 39 bus routes (green lines indicated in Figure
111-6) with a total of length of 750.9 km, a predicted daily ridership of 804,000, and a fleet consisting
of 718 zero-emission trolley buses and 237 low-emission hybrid CNG buses (Table 111-5).
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Figure I1I-6: Bus Routes (Green) to be supported by the Zero-Emission Prioriti zed
Trolley B us Network (Yellow)

0 1 2 4 6/\'
km

—— Jinan Roads N
Trolley Bus Corridor (111.2km)
- Trolley Bus Routes Operated

Source: ADB PPTA consultants.
E. Budget and Time Schedule

85. The project is estimated to cost $422 million (Table I1I-6), of which ADB has been
requested to finance $150 million from its ordinary capital resources. JMG will finance the

remaining $272 PLOOLRQ HTXLYDOHQW 7KH SURMHFW LV LQROXOGRG LQ
programmed for ADB Board approval in 2017.

86. The implementation period will be 5 years from 2018 to 2022. The project is expected to
begin full operation in 2022, and will have a 30-year life span.
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Table I1I-5: Description of the 39 Trolley B

us Routes Supported by the Prioritized Trolley B

us Network During Project Operation

Bus _ _ _ Length Length on _ Daily_ _ Daily_
# Route Starting S tation End Station Type (one way, Network Fleet Type R_ldershlp R_ldershlp
km) (one way, km) in 2020 in 2043

1 2 Kuangshanxiaoqu Fenghuangluhuaaolu Modified 22.6 17.2 18m-trolleybus 25663 34611
2 3 Huochezhan Shimen Existing 12.4 6.8 12m-hybrid CNG 9687 10766
3 6 Wangguanzhuang-xiaoqudonggu Jinandongzhan Modified 114 5.8 12m-trolleybus 15723 26977
4 8 Yuhanxiaogunanqu Jigangdongmen Modified 26.2 20.6 12m-hybrid CNG 26876 37463
5 21  Dangjiazaolin Jigang Modified 33.5 27.4 12m-hybrid CNG 28108 45438
6 37 Lvyoululiyangdajie Shilihe Modified 14.9 6.2 12m-hybrid CNG 14693 15267
7 47  Daba Zhaozhuang Modified 22.5 14.6 18m-trolleybus 30298 32565
8 49  Huochezhan JiangshuiquanxiluBeiduan Existing 10.6 5.7 12m-trolleybus 9934 13872
9 53 Daba Youyiyuanxiaoqu Modified 15.3 11.2 12m-trolleybus 15482 18345
10 57 Daba Jigangxincun Existing 21.4 18.1 12m-trolleybus 23076 31957
11 70  Yuhanxiaoqunanqu Gaijiagou Modified 20.8 141 12m-hybrid CNG 23727 29843
12 76  Yangianhuxiaoqu Dongbaliwa Modified 18.6 12.0 12m-hybrid CNG 25188 42873
13 79  Gaijiagou Huanshanxiaoqu Existing 115 4.8 18m-trolleybus 24073 24658
14 84  Huochezhan Gaijaigoupeihuozhongxin Existing 10.9 4.6 12m-trolleybus 12405 13564
15 87  Danshantun Fenghuangluhuaaolu Modified 19.6 16.4 12m-trolleybus 14015 19043
16 93  Yuhanxiaoqunanqu Huanxiangdian Modified 20.1 11.3 12m-hybrid CNG 21687 29515
17 95  Jiancaishichang Liuxuerenyuanchuangyeyuan Modified 16.5 114 12m-trolleybus 25351 31492
18 96  Shigoufuzhuangguangchang Jinshanluerhuandonglu Modified 18.8 134 12m-trolleybus 30200 28475
19 99 Jinandaxue Xiejiatun Modified 33.8 25.6 18m-trolleybus 39711 43017
20 100 Shandonggipeicheng Lvyoululiyangdajie Modified 14.3 7.4 12m-hybrid CNG 16068 21703
21 107 Shandonggipeicheng Shancaidayanshanxiaoqu Modified 20.4 12.8 12m-trolleybus 21485 24617
22 113 Quanchenguangchang Gongjiaozhudianchechang Modified 20.2 134 12m-hybrid CNG 8292 12086
23 116 Daba Gaoxinkaifaqu Modified 23.1 16.9 18m-trolleybus 42475 63024
24 120 Xiyuanxiaoqu Zhonghaiyufengguandi Modified 12.9 10.3 18m-trolleybus 17854 22853
25 125 Shimaoyuanshanshouf Changtugichezhan Modified 19.1 17.7 12m-trolleybus 22254 35301
26 132 Zhengdiancun Yanshanlijiaogiaodong Modified 24.3 16.2 18m-trolleybus 31837 50774
27 164  Shiliwuyuan Shigingyazhuang Existing 10.7 9.1 12m-trolleybus 6088 10506
28 165 Xinshijieshang-cheng Huanxiangdian Existing 155 9.7 12m-trolleybus 15332 21703
29 167  Jinanxizhangong-jiaoshuniu Changtuzongzhannanqu Modified 26.9 25.2 18m-trolleybus 37442 46690
30 205 Jinandaxue Gogniaozhudianchechang Modified 19.2 13.3 12m-trolleybus 17528 23386
31 209 Gaijiagou Tangyegongjiaoshuniu Modified 18.1 12.3 12m-trolleybus 12933 14432
32 313 Jinandaxue Xianggongjixiangyuan Modified 334 30.3 18m-trolleybus 23884 30308
33 905 Lashanlijiaogiao Majiadian Modified 20.8 16.8 12m-trolleybus 19510 28933
34 907 Dawucun Gaoxinkaifaqu Modified 15.0 11.9 12m-trolleybus 6734 9884
35 1001 Yingxiongshanlijiaogia Fenghuangluhuaaolu New 22.2 19.1 18m-trolleybus 34053 40787
36 1002 Jianbanghuanghedagiao Shandongdaxuexinglongshanxiaoqu New 24.9 24.9 12m-trolleybus 14439 23954
37 79b  Jinandaxue Gaijiagou New 18.0 14.1 12m-trolleybus 15762 20862
38 b6 Beiquanfu Fenghuangluhuaaolu Modified 16.6 124 12m-trolleybus 11153 13379
39 b7  Daweixi Jinandaxue Existing 13.9 10.9 12m-trolleybus 13057 24604

TOTAL 750.9 551.9 804,074 1,069,528

Source: PPTA consultants (2017).



37

Table 11l-6: Summary Cost Estimates  ($ million)

ltem Amount 2
A. Base Cost P
1. Zero emissions bus rapid transit network 224.30
2. Modern trolley bus and service standards 115.34
3. Travel demand management measures 15.23
Subtotal (A) 354.88
B. Contingencies ¢ 34.78
C. Financial Charges During Implementation ¢ 32.34
Total (A+B+C) 422.00

Note: Numbers may not sum precisely because of rounding.

@ Includes taxes and duties of $45.52 million to be financed from government resources and the Asian Development
Bank (ADB) loan resources. Such amount does not represent an excessive share of the project cost. The
government will finance taxes and duties of $26.92 million in cash from government resources.

b In April 2017 prices.

¢ Physical contingencies computed at 5% of base cost. Price contingencies computed at average of 1.5% on foreign
exchange costs and 2.3% on local currency costs; includes provision for potential exchange rate fluctuation under
the assumption of a purchasing power parity exchange rate.

4 Includes interest and commitment charges. Interest during construction for the OCR loan has been computed at
the 5-year US dollar fixed swap rate plus an effective contractual spread of 0.5% and maturity premium of 0.1%.
Commitment charges for the OCR loan are 0.15% per year to be charged on the undisbursed loan amount.

Sources: Asian Development Bank and government estimates.

F. Implementation Arrangements

87. The EA will be the JMG, which will be responsible for overall project implementation.
JPTC, a state-owned company under the JMG, will be the IA responsible for day-to-day
management during project preparation and implementation. Implementation arrangements are
discussed in more detail in the EMP (Appendix A ).

V. DESCRIPTION OF THE ENVIRONMENT
A. Location
88. The project is situated within Jinan City, the capital of Shandong Province.

89. Shandong Province. Shandong Province lies on the east coast of the PRC and at the
lower reaches of the Yellow River (Figure I-1). In 2016, its population was 98.47 million, making
it the second most populous province in the PRC. The province has a land area of 157,100 km?
and a coastline length of 3,100 km. The province is comprised of 17 municipalities and 140
counties (including county level cities and districts).

90. Shandong is an economic powerhouseinthe PRC 7KH SURYLQFHYV JURVYV GRPHYV!'
(GDP) grew by 8% to CNY®6.3 trillion in 2015, ranking the third in the country after Guangdong

and Jiangsu provinces. As one of WK H 3 S&jfivagricultural production bases, Shandong is

known for the production of grains, fruits and vegetables, oil crops, aquatic products, and animal

by-products. The total value of Shandong agriculture has been in the top place in the PRC for

over a decade consecutively. Shandong is also an important energy base in the PRC. The Shengli

Qilfield, discovered in 1955, is the second largest of its kind in the country and lies in the north of

Shandong.*®

18 Economic Overview and Opportunities of Shandong Province. Netherlands Economic Network in China, December
2016.
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91. Shandong has a temperate climate, with hot, rainy summers and dry, cold winters. Mean

annual temperature is 10.5 to 13.5 °C; the average temperature in July is 24 to 27 °C, while the

temperature in January is -4 to 1 °C. Mean annual precipitation is 550 to 950 mm, increasing from

northwest to southeast. The province is divided into four topographical zones: (i) Northwestern

Shandong Plain, formed by deposits of the Yellow River (and where the project will be sited);

(i) Jiaolai Plain between central-south Shandong and the Jiaodong hilly regions, bounded by bays

in the north and south and traversed by the Jiaolai, Weihe and Dagu rivers; (iii) Central-South

Shandong hilly area, with elevations >1,000 masl; and (iv) Jiaodong Hilly Area, the main part of

the Shandong Peninsula. The Yellow River SDVVHVY WKURXJK WKH SURYLQFHTV Z
entering the Bohai Sea along Shandong's northern coast.

92. Jinan City. Jinan City is located in the middle part of Shandong Province between
longitude 116 f +117f <« ( DQG O3 W LA¥XfG HN, approximately 400 km south of the
national capital of Beijing. It is bordered by Liaocheng to the southwest, Dezhou to the northwest,
Binzhou to the northeast, Zibo to the east, Laiwu to the southeast, and Tai'an to the south.

93. The city is comprised of 6 districts (Lixia, Shizhong, Huaiyin, Tiangiao, Licheng and
Changqing); 3 counties (Pingyin, Jiyang, and Shanghe); and a county level city (Zhangqiu)
(Figure 1V-1). The city has a total area of 8,177 km?, while the urbanized area where the project
is to be sited has an area of approximately 1,022 km2. The 111.2 km of project trolley BRT
corridors are spread over an area of approximately 250 km? (Figure IV-2).

Figure IV- 1: Districts and Counties of Jinan City
(the four urban districts are circled)

shanghe
County

Urban districts of Jinan [ Jiyang
City County

g\

Thangan
Zhangqiu

S
St

icheng

Changqing

Pingyin
County




39

Figure IV-2: Location of Proposed Zero-Emission High Quality Rapid Transit T rolley B us
Corridors within the Urban Boundary of Jinan City

n

Sources: Project FSR (2017) and Google Earth (2017).
B. Physical Resources

94. Topography. Jinan City occupies a transition zone between the northern foothills of the
Taishan Massif to the south-southeast of the city and the Yellow River Valley to the north and
northwest. Within the project area the topography is generally flat, sloping slightly downwards
from the east to the west, and from the southern foothills north to the Yellow River (Figure 1V-3).

Figure IV-3: Topography of Jinan Urban Area, including East-West Elevation Profile along
Corridor H5 and North-South Elevation Profile along Corridor V3
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East west elevation profile along trolley bus rapid transit corridor H1

North-south elevation profile along trolley bus rapid transit corridor V4.
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Sources: ProjectSR (201 and Goole Earth (17).

95. Elevations in the study area typically range from 25 to 150 masl, with the highest
elevations of over 250 masl occurring in corridor H3 as it passes through low foothills in the
southeast of the urban area. As the river bed of the Yellow River sits higher than the surrounding
surface, the urban area is in somewhat of a basin shape.

96. Geology and seismicity. According to EIT, the stratigraphic structure of the project area
is simple and stable, without unfavorable geological processes, and is therefore suitable for
project construction.

97. The PRC classifies seismic intensity into 12 grades under the China Seismic Intensity

Table (GB/T 17742- EDVHG RQ WKH VHYHULW\ RI 3VKDNLQJ" RI WKH HD
of potential impact. According to the China Seismic Ground Motion Parameters Zoning Map
(GB18306-2001, Amendment 1), the seismic intensity in the project area is Grade 6, with a design

peak ground acceleration of 0.05 g, a 10% probability of exceedance in 50 years, and a return

period of 475 years.

98. According to the domestic EIT, project sites are class Il under the Code for Seismic Design
of Buildings (GB50011-2010), applicable to medium dense and loose gravel, dense and medium
dense coarse and sands, and clays with a bearing capacity >250 kPa. The project sites are thus
considered as suitable for construction activities, and there are no significant risk of potential
disasters like landslides, mud flows, land subsidence or geological faults.

99. Land use. In August 2016, the State Council approved the Jinan City Master Plan 2011 +
$FFRUGLQJ WR WKH SODQ WKH VSDWEBOV@®WNVRKWXBH® KON XPEE

7ZR 5HJLRQV’  E®RIUmMB (F@ure 1V-4). The project sites are all in highly urbanized

industrial, commercial, or residential areas, and are predominantly in existing road right-of-ways.

100. Climate. Jinan has a temperate continental climate with four distinct seasons. It is dry in
the spring, hot and rainy in the summer, cool in the autumn, and dry and cold in the winter. The
average annual temperature in Jinan is 16.6°C, the average summer average temperature is 26°C
and the maximum recorded summer temperature was 42.7°C. The average temperature in the
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coldest month of winter is below 0°C, and the lowest maximum recorded temperature is -19.5°C.
(Figure IV-5).

101. The average annual precipitation is 685 mm, with a recorded maximum of 1,160 mm and
a minimum of 320.7 mm. In winter months, precipitation is low (20 mm £25 mm/month), and the
majority of precipitation occurs during the summer months. Average annual average humidity is
58%. The dominate wind direction is from the SE (Figure I1V-6).
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Figure IV-4: Jinan City State Approved Urban  Landuse Plan, 2011 £020
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Figure 1V-5: Jinan Climate Graph
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Figure IV-6 : Jinan Wind Rose
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102. Surface water rivers and reservoirs . Surface water resources in the project area are
presented in Figure IV-7 . Jinan lies on the south shore of the Yellow River, and it is the main river
in the project general area, although it is north of the project impact zone. With an estimated
length of 5,464 km, the Yellow River is the second-longest river in Asia, and the sixth-longest river
system in the world. It originates in the Bayan Har Mountains in Qinghai province of western China,
it flows through nine provinces, and it empties into the Bohai Sea near Dongying in Shandong
province. It has a watershed area of 742,443 km?.

103. The Xiaoqing River is the other main river in Jinan. Originating west of Jinan, it is 220 km
long and has a watershed area of 10,336 km?. It flows south of, and roughly parallel to, the Yellow
River, in Jinan passing through Huaiyin, Tiangiao, and Licheng Districts, and also empties into
the Bohai Sea. It is fed by a series of tributaries flowing north through the urban areas of Jinan
and in recent years has become contaminated as a result of large amount of industrial and
domestic wastewater.

104. Water reservoirs in Jinan include the Queshan, Yeuging, and Jinxiuchuan. There are no
reservoirs in the project impact zone.

Figure IV-7: Water Resources in the Project Area
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Source: JEPB (2016).

105. Groundwater and springs. Jinan is well known for its artesian karst springs and lakes,
and is referred to as the Spring City. Daming Lake, located in the historical city center, is the
largest lake in Jinan, and one of the city's main natural and cultural landmarks. Fed by the artesian
karst springs, the lake maintains a fairly constant water level and temperature through the entire
year. Other key karst fed artesian spring include Batou, Heihu, Wulong and Zhenzhu, and in total
there are more than 70 named springs in Jinan. Figure 1V-8 shows springs in the historic center
of Jinan identified in the Jinan Historic City Conservation Plan.
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~

2015), and Google Earth (2017).

106. The springs are fed by a catchment area of approximately 1,500 km? to the south of the

city. The main aquifer systems consist of Ordovician and Cambrian limestone with karst fractures.

Metamorphic rock is distributed in the southern water divide area and igneous rock in the north of

the city. In the northern discharge area, Quaternary sediments overlie karst aquifers. In the middle

area, outcrops of karst aquifers are distributed. Groundwater flow is generally from the southern

recharge area to the northern discharge area.’®* 7KH UHFKDUJH DUHD LV FODVVLILH!
groundwater drinking water source protection zone "by JMG (Figure 1V-9). In addition, the Jinan

Landscape Bureau has developed a spring protection zone map, which covers much of the urban

area of Jinan including a significant portion of the project trolley bus rapid transit corridors (Figure

IV-10).

19 Yangxiao Zhou and Zhandong Gao. Groundwater quality monitoring network for Jinan Karst spring catchment. PRC.
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Figure IV-9 : IMG Quasi Groundwater Drinking Water Source Protection Z  one in relation
to Project Trolley B us Rapid Transit Corridors

Google earth
Sources: JMG (2016) and Google Earth (2017).

Figure IV- 10: Jinan Spring Protection Z ones in relation to Project Trolley B us Rapid
Transit Corridors

G o0gle earth
o o »

Sources: Jinan Landscape Bureau (2017) and Google Earth (2017).
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107. Baseline data. $FFRUGLQJ WR -LQDQYV (QYLURQPHQWDO 4XDOLW\

quality in Jinan has improved compared with 2015, but pollution levels remain severe; the quality
of drinking water sources is good while surface water quality has not improved; and the acoustic
environmental quality is relatively good.

Air Quality

108. Air quality index. MEP monitors air pollution in cities throughout the PRC and presents
the results in an Air Quality Index (AQI) based on the level of 6 pollutants (Figure IV-11).

109. Air quality in Jinan City. There are 21 automated air quality monitoring stations in the
Jinan City, 14 of which are in the urban area (Figure 1V-12). Monitoring in the stations includes in
PMio, PM2s, sulfur dioxide, nitrogen dioxide, carbon monoxide, and ozone. Summary data on
stations and monitoring results for 2016 are presented in Table I1V-1.

Figure IV-11: T KH 35&fV $LU 4XDOLW\ ,QGH]|

The Air Quality Index (AQI) was introduced in 2012 and replaces the old Air Pollution Index (API). The AQI is based
on the concentration levels of six major atmospheric pollutants: sulphur dioxide (SO3z), nitrogen dioxide (NOz),
suspended particulates smaller than 10 microns in diameter (PMio), carbon monoxide (CO), ozone (Os), and
suspended particulates smaller than 2.5 microns in diameter (PMzs). The index is employed at monitoring stations
in more than 350 cities across the nation.

The MEP measures and assigns an individual air quality score (IAQI) to each of the six pollutants over a period of
RQH HLJKW RU KRXUV RU DQQXDOLVMYWKB JKHLIK HFVW\RY WKFRD/AH DAL [
pPoOOXWDQW EHLQJ WKH FLW\TV PDMRUORZGIOXWRODW : KM RHWKLH LDGH |
pollutant. The AQI ranges from zero to over 300:

Alr Pollution
A Health Implications
Level
0-50 | No health implications
51100 Good Few hypersensitive individuals shauld reduce outdoor exercise
101-150  Lightty Paliuted Slight irritationa may cccur, individuals with breathing or heart problems
Satiabi Db dal should reduce outdoor exercize.
Elight irritations may eccur, individuals with breathing or heart preblams
151200 Moderately Polluted [l 1 : . 3
shiould reduce autdoor exercise.
Haalthy paaple will be noticeably affsctad. Pecpla with braathing of haart
201300 Heavily Polluted problems will experience reduced endurance in activities. These mdividuals
and elders should remain indocrs and restrict activities.
Healthy people will experience reduced endurance in activities, There may
be strong irrtetions and symptoms and may frigger other ilineszes, Elders
300+ Severely Poluted o 2 <

and the zick should remain indoors and aveid exercize. Healthy individuals
should avald cut door activities.

Source: LiLi and Dong-Jun Liu (2014) and http://multimedia.scmp.com/china-air-pollution-in-2014/

110. The following discussion on Jinan air quality is based on summary data from 18 of the
stations (data from three municipal stations was not available).


http://multimedia.scmp.com/china-air-pollution-in-2014/

Figure 1V-12: Air Quality Monitoring Stations in Jinan City Urban Area
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Source: Jinan EPB (2017).



Table IV-1: Air Quality Index and 24-hour Mean Ambient Air Quality at Moni

Stations in the Project Area, Jinan City
relevant Class Il standard ( $SPELHQW $LU 4XDOL"\ 6WDQGDUG

toring
, 2016. Shading denotes exceedance of the
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(unit: J P, excluding CO)
. I # of Good co 20 O3
# Name of Station District AQI Days PMio PM2s  SO2 NO2 95per (8 hour)
(mg/m3)
1 ﬁ]gsrt'ig:*t'é”ra' Science Huaiyin 144 165 82 40 45 2.7 186
5 The 2" machine tool
factory
3 Jinan Chemical Factory Tiangiao 170 147 74 38 59 2.4 178
4  Provincial seed Licheng 136 144 79 46 54 2.7 208
warehouse
5 Development area Lixia 176 148 67 38 52 2.2 160
g  Municipal monitoring Lixia 140 156 84 54 61 2.5 187
station
7 &DGUHTV 6D QLW Shizhong 186 128 68 30 45 2.2 164
g  Lanxiang Vocational Tiangiao 122 171 91 50 63 2.4 194
School
9 Shangdong Luneng Shizhong 175 138 67 32 39 1.9 186
10 Quancheng square Lixia 186 129 68 50 52 2.7 182
11 Economic college Lixia 149 139 73 38 37 1.6 202
12 Jinan Baosheng Licheng 104 198 89 40 57 2.4 177
13 Experimental school Licheng 167 150 66 28 46 1.9 176
14 Building engineering Licheng 142 143 72 43 44 1.9 198
school
15 Aoto center Not available
16 Jinping middle school Lixia 166 128 61 30 46 1.8 204
17 City Museum Lixia 169 119 71 31 40 2.2 206
18 Paomaling Changging 194 88 51 38 17 1.5 213
19 Party school Changging 164 137 71 45 50 2.2 190
po Business, Vocational & ;000 160 109 64 37 30 1.9 220
Technical College
21 Changging college town  Changging 154 117 70 38 47 1.9 218
22 Western urban area Huaiyin 145 139 72 38 46 2.4 208
Jinan City E 164 144 74 40 49 2.2 187

Source: Jinan Environmental Quality Bulletin (2016).

111.

carbon monoxide and ozone in Jinan were
and 188 g/m3, respectively (Table 1V-2). Of these, the concentrations of PMio, PM2s, nitrogen
dioxide and ozone exceeded the National Ambient Air Quality Standard (GB3095-2012) by 1.01,
1.09, 0.13 and 0.18 times, while the concentrations of sulfur dioxide and carbon monoxide met
the standard. The concentrations of ozone slightly increased compared to 2015, while
concentrations of PMio, PMas, sulfur dioxide, nitrogen dioxide and carbon monoxide decreased
by 10.2%, 16.1%, 24%, 6.3% and 20.0%, respectively.

20 Note: CO standard applicable to 95th percentile of data.

In 2016 average daily concentrations of PMio, PM2s, sulfur dioxide, nitrogen dioxide,
J P

/3, 38 g/m3, 45 g/m3, 2.0 mg/m?3
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Table IV-2: 24-hour Mean Ambient Air Quality in 2016 Jinan City Urban Area
(unit :  Jm?3, excluding CO)

CO 95per?t O3

Item PMao PMzs SOz NO> (mg/m ) (8 hour)
Range of 24-hr mean 30-570 15359  15-142 19-112 0.5-6.5 8-240
concentrations
Samples exceeding the 37.4% 38.0% 0 5.5% 0.5% 19.1%
standard, %
Average 24-hr 141 73 38 45 2.0 188
concentration
Average 24-hr In In
concentration exceedance 101% 109% ! 13% ! 18%

Compliance Compliance

of standard, %
Change compared to -102%  -16.1%  -24.0% -6.3% -20.0% 1.1%
2015, %
24-hr mean standard 70 35 60 40 E E

(GB3095-2012)

Source: Jinan Environmental Quality Bulletin (2016). Based on 21 stations.

112. In 2016, Jinan had 162 days with a Good AQI level, an increase of 29 days over 2015. 18
days had a Heavily Polluted or Severely Polluted AQI level, a decrease of 16 days over 2015.
The frequency distribution of all levels of AQI in 2016 is presented in Figure IV-13.

Figure IV-13: AQI Levels in Jinan, 2016

Good or above
44.3%

Slight pollution
36.0%

Medium pollution
12.8%

Heavy pollution
4.9%

1 MU BT CAQID 758 X B0V 517 B

Source: Jinan Environmental Quality Bulletin (2016).

113. In 2016 PMio, PM25s and O3 were identified as primary pollutants on 127, 126 and 102
days respectively. Fine particulates are more frequently primary pollutants in the heating season
(November to February) due to coal based heating, and less so in the summer. Os is generally
identified as the primary pollutant from May to September, with the highest level in June (Figure

IV-14).

21 Note: CO standard applicable to 95" percentile of data.
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Figure IV-14 : Distribution of Primary Pollutants in Jinan, 2016
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Source: Jinan Environmental Quality Bulletin (2016).

114. In2016, 0(3 UDQNHG -LQDQYV $4, QL QWHistld) RAKeWadHroeRealV RP R |
protection key cities.

115. Monthly variation of pollutants.  Pollutant levels in Jinan vary substantially over a year,
with concentrations typically being higher during the winter heating season and lower in the
summer. In 2016 the monthly average concentration of PMyg in the worst month (December) was
2.3 times higher than in the lowest month (August). Similarly, the monthly average concentration
of PM_s in December was 2.84 times that of the month with lowest average concentration (August).
The monthly average concentration of SO in the worst month (January) was 3.42 times higher
than in the lowest months (July, August), and the monthly average concentration of NO- in the
worst month (January) was 2.12 times higher than in the lowest month (June).

116. Compared with 2015, PMi, concentrations in Jinan in 2016 were higher in April, consistent
in March, September and November, and lower in the remaining months; PM2s concentrations
were higher in January and April and lower in the remaining months; SO, concentrations were
consistent in April and lower in the remaining months; and NO- concentrations were consistent in
December and lower in the remaining months (Figure IV-15).
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Figure IV-15: Average Monthly Concentration of PM 25, PM1g, SO2 and NO; in 2015 and

2016
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Source: Jinan Environmental Quality Bulletin (2016).

117. Spatial variation of pollutants . According the Jinan Environmental Bulletin, in 2016 the
annual average concentration of PM;o exceeded the Class Il annual standard ($PELHQW $LU 4XDOL
6WDQG®mUG at all monitoring stations, and was highest in northeast, northwest and
central core area and lowest in the south and southeast (Figure 1V-16). The annual average
concentration of PMzs exceeded the Class Il annual standard at all monitoring stations, and was
also highest in northeast, northwest and central core area, and lowest in the south (Figure IV-17).
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Figure IV- 16: Average Annual Concentrations of PM 10 at National, Provincial, and
Municipal Monitoring Stations in Jinan City urban area, 2015 and 2016
g |
1451
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Source: Jinan Environmental Quality Bulletin (2016).
Figure IV-17: Average Annual Concentrations of PM  »5 at National, Provincial, and
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Source: Jinan Environmental Quality Bulletin (2016).
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Figure IV- 18: Average Annual Concentrations of

SO, at National, Provincial,

Municipal Monitoring Stations in Jinan City Urban Area, 2015 and 2016
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Source: Jinan Environmental Quality Bulletin (2016).

Figure IV-19: Average Annual Concentrations of NO

> at National, Provincial,

Municipal Monitoring Stations in Jinan City Urban Area, 2015 and 2016
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118. The annual average concentration of SO, met the Class Il annual standard at all
monitoring stations and was highest in the northwest and central core area, and lowest in the
southeast (Figure 1V-18). The annual average concentration of NO, exceeded the Class Il annual
standard at all monitoring stations, and was highest in the northwest and central core area, and
lowest in the southeast (Figure 1V-19).

119. Haze. In 2016, 180 days were considered to be hazy, of which 81.1% were slightly hazy,
15.0% were mildly hazy, 1.1% were medium hazy, and 2.8% were seriously hazy. During hazy
days the average concentrations of PMi, PM.s, SO, and NO,were 181 J B, 99 J P, 44
J B,and56 J B. SO was in compliance with Class Il annual standard ($PELHQW $LU 4XDOL!
6WDQG®UG , and the PMio, PM2sand NO, exceeded the standard by 1.59 times, 1.83
times and 0.4 times, respectively.

120. Air quality - project area. Of the 21 provincial and municipal automated air quality
monitoring stations in the Jinan City proper area, 14 are in the main urban area, and 9 are in close
enough proximity to the trolley bus rapid transit corridors as to be directly considered relevant to
the project (within 400 or less of a project corridor) (Figure 1V- 20). Summary monitoring results
for 2016 are presented in Table IV-3.

Figure IV- 20: Air Quality Monitoring Stations in Jinan City Urban Area. Stations selected

LGoogle earth’

TR VR RN

Source: JEPB (2017).
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Table 1V-3: Ambient Air Quality Comprehensive Index and 24-hour Mean Ambient Ai r
Quiality at Monitoring Stations in Project Area, Jinan City, 2016 . Shading denotes
exceedance of the relevant Class |l standard ( $PELHQW $LU 4XDOLIW\ 6WDQGDUG

(unit: J P, excluding CO)

. _ # of Good CO Os
# Name of Station District AQI Days PM1o PMz.s SOz NO:2 (mg/m 3) (8 hour)
1 Agricultural Huaiyin 144 165 82 40 45 27 186
Science Institute '
3 Jinan Chemical Tiangiao 170 147 74 38 59 24 178
Factory )
4 Provincial seed Licheng
warehouse 136 144 79 46 54 2.7 208
5 Development area Gaoxing 176 148 67 38 52 22 160
6 Municipal = Lixia 140 156 84 54 61 25 187
monitoring station
7 &DGUHTV 6D Shizhong 186 128 68 30 45 2.2 164
9 Shangdong Shizhong 175 138 67 32 39 1.9 186
Luneng .
10 Quancheng square Lixia 186 129 68 50 52 27 182
11  Economic college Lixia 149 139 73 38 37 1.6 202
12 Jinan Baosheng Licheng 104 198 89 40 57 24 177

Source: JEPB (2017).

121. The results show that air quality in the project corridors is poor, with 24-hour mean
concentrations of PMio, PM25s and NO:2 exceeding PRC standards.

122. Water quality. There are both groundwater and surface water sources of drinking water
in Jinan.

123. Groundwater. In 2016, 39 parameters were monitored at the Dongjiao and Dongyuan
Water Plants, both of which utilize groundwater as a source of drinking water. The Dongjiao Water
Plant achieved the Class Ill standard of Underground Water Quality Standard (GB/T 14848 E93),
and compared with 2015 NHs3-N and fluoride concentrations decreased slightly while total
hardness, sulfate, permanganate index, NO3z-N and electrical conductivity increased slightly. The
Dongyuan Water Plant also achieved the Class Ill standard, and compared with 2015 the
permanganate index decreased slightly while total hardness, sulfate, NH3-N, NOs-N, fluoride
concentration and electric conductivity increased slightly (Table 1V-4).



Table IV-4: Monitoring Results of Groundwater at Water Supply Plants
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(Unit: g/L)
Total Permang-  Nitrate Nitrite Ammonia Electrical
Name Year pH hardness Sulfate anate index nitrogen nitrogen Nitrogen  Fluoride Conductivit
(IMn) NO3-N NO2-N (NHs-N) y
1. Dongjiao 2016 7.39 405  89.58 0.69 9.35  undetected 0.026 0.282 94.5
water supply
plant 2015 7.43 378 77.54 0.62 8.80 undetected 0.030 0.284 83.8
2. Dongyuan 2016 7.40 387 90.00 0.64 10.80  undetected 0.028 0.255 84.7
water supply
plant 2015 7.47 382 89.26 0.65 10.39  undetected 0.027 0.251 82.3
Class Il Standard,
Underground Quality 6.5- " " " " " " » 2
Standard (GB/T 8.5

14848 E93)

Source: JEPB (2017).

124.

Main springs. Monitoring of 24 parameters is undertaken for the four big spring groups

(Baotu, Heihu, Wulong and Zhengzhu) in January and July. All parameters for 2015 and 2016
complied with the Class Il standard of Underground Water Quality Standard (GB/T 14848 E93)

(Table IV-5).
Table IV-5: Water Quality Monitoring Results for the Four Main Spring Groups, Jinan City
Urban Area, 2015 and 2016. (Unit: g/L, except pH)
Total Permang- Nitrate Nitrite Ammonia
Name Year pH hardness Sulfate  anate index nitrogen  nitrogen Nitrogen  Fluoride
(IMn) NOs-N NO2-N (NH3-N)
1 Baot 2016 7.62 344 78.3 0.77 8.93 0.003 0.025 0.203
. Baotu
2015 751 339 84.55 0.71 9.39 0.006 0.042 0.218
> Heih 2016  7.58 380 92.4 0.57 10.79 0.003 0.025 0.214
. Heihu
2015 7.50 381 101.50 0.60 12.20 0.003 0.029 0.216
2016  7.67 319 84.6 0.83 7.18 0.004 0.053 0.266
3. Wulong
2015 7.52 302 80.80 0.85 7.02 0.009 0.046 0.267
2016 7.71 306 84.9 1.00 6.54 0.005 0.030 0.312
4. Zhenzhu
2015 7.73 295 86.65 0.90 6.14 0.005 0.052 0.305
Class Il standard,
Underground Water 6.5-8.5 " : " " ” " ”

Quality Standard

Source: JEPB (2017).

125.

Surface water. Key surface water bodies in Jinan City include the Yellow River (Jinan

section), the Xiaoqing River (Jinan section) and its tributaries (including the Tuhai River located
to the north of the Yellow River, outside the project assessment area), Daming Lake and a number
of reservoirs. Both the Yellow River and the Xiaoging River (at Mulizhuang, outside of the project
assessment area) are drinking water sources, and both should comply with the Class Ill standard
of the Surface Water Environmental Quality Standard (GB3838 £2002).The urban sections of the
Xiaoging River and its tributaries are primarily used as a source of landscape water, while the
Huanxiangdian section downstream as well as its tributary are agricultural water, all of which
should comply with Class V standard of the Surface Water Environmental Quality Standard
(GB3838 £2002). Daming Lake is classified for non-contact entertainment water, and should with
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the Class IV standard of the Surface Water Environmental Quality Standard (GB3838 £2002).
The reservoirs are drinking water sources, and should comply with the Class Il standard.

126.

Table IV-6 presents a summary of water quality compliance with Surface Water

Environmental Quality Standard (GB3838 E2002), Jinan City, 2016.

127.

(i)

(ii)

(iii)

(iv)

A total of 21 sections of Yellow, Xiaoging and Tuhai rivers are monitored on a
monthly basis for 26 parameters. Of these sections, 15 have reached class llI
standard. The water quality of Yellow River (Jinan Section) is in compliance with
class Il standard of the Surface Water Environmental Quality Standard (GB3838
£2002). The annual average concentrations of COD and NHs-N of the Mulizhuang
section of the Xiaoging River were respectively 12.3 g/L and 0.51 ¢/L, both of
which complied with class Il standard. The majority of Xiaoging River tributaries
in Jinan City in 2016 were not in compliance with relevant standards, primarily for
COD and NHs-N.

In 2016, a total of 109 parameters were monitored at the various reservoirs;
Jinxiuchuan Reservoir reached class Il standard except for total nitrogen, and
Queshan, Yuging Lake, Wohushan and Langmiaoshan reservoirs reached class ||
standard except for total phosphorus and total nitrogen. All reservoirs are suitable
water sources with stable water quality.

In 2016, water quality in Daming Lake was in compliance with class IV standard,
thus meeting the requirements of landscape and entertainment use. Compared
with 2015, the concentration of total nitrogen increased 8.9%, and the lake is
slightly to moderately eutrophic.

There are three monitoring sections in Lixiating, Wumingting, and Huibogiao
reservoirs, and 34 parameters are monitored each month. Of the main parameters,
the annual average concentrations of DO, COD, NHs-N, total phosphorus and total
nitrogen were 8.12 g¢/L,11.2 ¢g/L,0.153 g/L,0.042 g/L,7.04 ¢/L respectively,
and the annual average transparency was 82.5 cm. With the exception of total
nitrogen, all parameters met Class IV standard of the Surface Water Environmental
Quality Standard (GB3838 £ 2002). The Queshan, Yueqing, Jinxiuchuan,
Wohushan and Langmaoshan reservoirs all met the Class lll standard of the
Surface Water Environmental Quality Standard (GB3838 £2002).

Monitoring locations are presented in Figure V- 21.
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Table IV-6: Summary of Water Quality in Compliance with Functional Zoning for Surface
GB3838 £2002), Jinan City , 2016

Waters, Surface Water Environmental Quality Standard (

Actual Water

Water Body Section Applicable Standards Compliance Quality Exceedance
Status Parameters
Level
Yellow River Luokou Drinking water source Yes Class llI 22
protected area (Class IlI)
Mulizhuang Water source protected Yes Class llI
area (Class lll)
. . worse than
Huanxiangdian Landscape (Class V) No Class V NHs-N, TP
Main Damatou Landscape (Class V) No worse than NHs-N, TP
Class V
stream worse than
Agriculture (Class V) No Class V NHs-N, TP
Xinfengzhuang Provincial control
Xiaogin assessment section on No 22 NH3s-N
laoqing transboundary rivers
River worse than
Class V No TP
Class V
Luohe Provincial control
Xiahougiao assessment section on Yes 22
transboundary rivers
Branches worse than
Zhanggigou Class v No Class V li
Wanghudong Provincial control
village assessment section on Yes 22
transboundary rivers
Lixiating, Non- human body direct
Daming Lake Wumingting, contact with recreational Yes Class IlI 22
Huibogiao water area (Class IV)
Queshan Reservoir Inlet, Outlet Drinking water source Yes Class Il 22
protected area (Class IlI)
. . Drinking water source 22
Yueqing Reservoir Inlet, Outlet protected area (Class I1l) Yes Class Il
Jinxiuchuan Inlet, Outlet Drinking water source Yes Class II 22
Reservoir protected area (Class lI)
Wohushan Reservoir  Inlet, Outlet Drinking water source Yes Class Il 22
protected area (Class IlI)
Drinking water source 22
Langmaoshan Inlet protected area (Class IlI) Yes Class i
Reservoir Outlet Drinking water source Yes Class Il 22

protected area (Class 1lI)

Source: JEPB (2017).

128. Table V-7 and Table V-8 present more detailed water quality data for the two key water
bodies in the project area, Xiaoging River and Daming Lake. The results show some standard
exceedances likely due to untreated domestic wastewater and non-point source pollution.
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Figure V- 21: Surface and Groundwater Quality Monitoring Sites in the Project Area
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Source: Jinan Environmental Quality Bulletin (2016).

Table V-7: Monitoring Results of Xiaoqging River in 2016

Unitmg /L
Water Monitoring points Coordinates COD Ammonia nitrogen
body (NH3-N)
Mulizhuang section (Source 116.8385 E, 12.3 0.51
section, Applicable to Class Ill) 36.6778 N (In compliance) (In compliance)
Xiaoging _ Class lll standards 20 1.0
River Huan_xiangdian section 117.3981 E, Non-compliance In compliance
(Applicable to Class V) 36.9468 N
Class V standard 40 2.0

Note: There is no specific monitoring data for Huanxiangdian section.
Source: Jinan Environmental Quality Bulletin (2016).

Table V-8: Monitoring Results of Daming Lake in 2016

Unitmg /L
Water Section DO COD Ammonia Total Total
body nitrogen phosphorus nitrogen
(NH3-N) (TP) (TN)
. Lixiating, Wumingting,
ng‘k'gg Huibogiao 8.12 11.2 0.153 0.042 7.04
(Applicable to Class V)

Class IV standard 3 30 15 0.1 15
. Non- . Non-

Compliance status . In compliance .

compliance compliance

Source: Jinan Environmental Quality Bulletin (2016).
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129. Urban noise. There were 214 urban noise monitoring sites in Jinan in 2016 (Figure IV-
22). The annual average 12-hour daytime noise level in 2016 was 53.1 dB(A), which complies
with the Class | standard of Environmental Quality Standard for Noise (GB3096 £2008).

. i

Source: JEPB (2017).

130. Traffic noise. Traffic noise in Jinan is monitored on 95 road sections of 39 urban trunk
roads totaling 166.6 km in length (Figure 1V-23). The results show that the overall average
daytime traffic noise is 69.8 dB(A) which marginally complies with the Class 4a standard of
Environmental Quality Standard for Noise (GB3096 £2008) of 70 dB(A), applicable to urban trunk
roads. Compared with 2015 the traffic noise level has decreased 0.2 dB(A). Of the 39 urban trunk
roads, 25 (64.1%) comply with the Class 4a standard (Figure 1V-24).
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Figure 1V-23 : Urban Core Traffic Noise Monitoring Sites in Jinan. Summary information is
provided below fo sites in blue, and more detailed information for the sites in red.
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Source: JEPB (2017).

Figure IV-24 : Results of Traffic Noise Monitoring in Jinan, 2016
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Source: JEPB (2017).
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131. Figure IV-23 also shows the location of traffic noise monitoring conducted in 2016 at
sensitive receptors at three sites on the project trolley BRT corridors (the stations are denoted in
red). Table V-9 presents the results, which show that noise levels at the sensitive receptors on
both roadsides exceeded the Class 4a daytime noise standard of 70 dBA in Sound Environmental
Quiality Standards (GB3096-2008).

Table IV-9: Results of Noise Monitoring at Three Sites along Project Trolley B us Rapid
Transit Corridors
Trolley Bu s . .
Rapid Transit Sensitive LatltUQe and Date and Time Leq L10 L50 L90
. Receptors longitude
Corridor
V4-Second Ring  Honglou 117.0801E 2016.5.16
East Road Community 36.6877S daytime /L0732 630 66.2
: Xunliu 1st
V4-Second Ring 117.0754E 2016.5.13
East Road Elementary 36.6669S daytime 714 75.0 69.7 644
School

H1-Beiyuan Qinnianjuyi 117.0143E 2016.5.16
Ave. Community 36.6907S daytime 729 756 714 680

Source: JEPB (2017).
C. Ecolog y and Sensitive Resources

132. Ecology. Jinan City (the full extent of the administrative boundary, including 6 districts
and 4 counties or county level cities) is home to a reported 1,175 plant species in 149 families.
This includes 12 families and 18 species of fern; 7 families and 21 species of gymnosperm; 106
families and 870 species of dicotyledon; and 24 families and 266 species of monocotyledon.
There are 382 known species of wild plants, accounting for 33% of the total number of plant
species; and 793 species of cultivated plants, accounting for 67% of the total. The fauna resources
of Jinan include wild terrestrial and aquatic species typically associated with Yellow River
watershed.

133. All project sites are within the Jinan urban core in highly developed and modified industrial,
commercial and residential and urban environments. Project works for trolley bus corridor and
stations will be undertaken within existing road right-of-ways. Trolley bus depot works will
rehabilitate 8 existing sites and create 8 new depots on existing urban land, including the creation
of a Command and Control center at one of the existing depots. Traction substations will be
established on vacant state-owned land and road side landscaping, often within the road RoW.

134. Original vegetation cover at these sites has been previously removed, and existing site
vegetation is either completely absent as they are developed industrial sites, disturbed dirt with
little or no vegetation cover, or low value roadside landscaping with low grasses and bushes
(Appendix B, Tables 1 and 2). A review of records by the Jinan Landscape Bureau indicates that
there is one historic tree, an estimated 200-year-old Chinese scholar tree (Sophora japonica),
located at the southern end of corridor V5. No other historic trees were identified.

135. Based on the DEIA, site surveys and records review, other than the above noted historic
tree there are no known rare or endangered flora or fauna, species with international, national or
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provincial protection status, areas of natural or critical habitat,?? parks, nature reserves, or areas
with special national, regional or local ecological significance within or adjacent to any of the sites.
There are also no known drinking water sources, scenic sites, or, based on both sites surveys
and a review of relevant literature, sites with Physical Cultural Resources (PCRs).?3

136. Sensitive receptors. The domestic EIT report identifies 335 sensitive receptors for air
and noise impacts in the project trolley bus rapid transit corridors zone of influence, including 89
schools, 37 hospital, and 209 residential areas, as summarized in Table I1V-10.2*

137. The EIT also the following water resources as sensitive receptors: 100 m upstream to
1000 m downstream of the trolley bus corridors bridge crossings on the Xiaoging River; and,
Daming Lake, Batou Springs and other springs in the vicinity of the trolley bus rapid transit
corridors designated for protection under the Jinan Spring Protection Regulation (2005, draft
revision in 2016). It should be noted that there are no drinking water intakes at any of these rivers
and springs within the project zone of influence.

138. Sensitive receptors are given special attention in the assessment of impacts (Section V)
and the EMP (Appendix A).

D. Socioeconomic Conditions
139. Jinan City. The project is located in the central urban area of Jinan. Key features include:

0] Provincial capital. Jinan is the political, economic, cultural, scientific, educational,
and financial center of the province, and has been designated with sub-provincial
administrative status since 1994.

(i) Famous historic and cultural city. -LQDQ LV DQ DFFUHGLWHG
FXOWXUDO FL \standiiyUhistowy EndOdRI@ré unique natural landscape.

SIDPRXV

+LVWRULF VLWHY LQFOXGH &KHQJ]L\D /RQIJVKDQH&XOWXU

of Han Dynasty at Xiaotangshan, Four Gates Pagoda of Sui Dynasty, Dragon and
Tiger Pagoda of Tang Dynasty, Nine Tops Tower and Luozhuang Han Tomb.

(iii) Spring City. Jinan is known as the Tity of Spring V,"and has a reputation for
beautiful scenery. There are 733 known springs in Jinan, of which the most famous
are the Baotu, Heihu, Zhengzhu, and Wulong spring clusters.

(iv) Transportation h ub. Jinan has a well-developed railway, highway and aviation
transportation network, and has become an important hub connecting with eastern
China, northern China, and the central and western regions.

22 Natural habitat is land and water areas where the biological communities are formed largely by native plant and

animal species, DQG ZKHUH KXPDQ DFWLYLW\ KDV QRN HMNI\HGWLPDO\ HRREQRUIH G DWKIB

Critical habitat are areas with high biodiversity value, including habitat required for the survival of critically endangered
or endangered species; areas having special significance for endemic or restricted-range species; sites that are
critical for the survival of migratory species; areas supporting globally significant concentrations or numbers of
individuals of congregatory species; areas with unique assemblages of species or that are associated with key
evolutionary processes or provide key ecosystem services; and areas having biodiversity of significant social,
economic, or cultural importance to local communities (Environment Safeguards: A Good Practice Sourcebook, ADB,
2012).

23 PCRs are broadly defined as covering all types of tangible cultural heritage, including movable or immovable objects,
sites, structures, groups of structures, and natural features and landscapes that have archaeological, paleontological,
historical, architectural, religious, aesthetic or other cultural significance. PCR are human-made objects, natural
features, or a mix of the two. They may be located in urban or rural areas and may be above or below ground or
underwater. They may be known and listed on official inventories, but often they are undiscovered (Environment
Safeguards: A Good Practice Sourcebook, ADB, 2012).

24 project zone of influence is discussed in Section V.
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(@) -LQDQ LV RQH RI WKH QDWLRQDO DUWHULDO KXEV F
own highway network is highly developed with multiple national highway
(line 104, 305, 309, 220, Jiging Expressway and Jingfu Expressway) and
provincial highways running through it. Currently a half-day traffic circle is
being established with Jinan in the center and connections to all cities
within the province.

(b) Jinan is on the Beijing-Shanghai Railway and Jiaozhou-Jinan Railway;
Jinan-Handan Railway is connected with Beijing-Kowloon Railway and
Beijing-Guangzhou Railway (two major trunk railways). The Beijing-

Shanghai high speed railway has already been put into operation.
(c) -LQDQ $LUSRUWYTYV SKDVH H[WHQVLRQ KDV EHHQ FRF

140. Population. Jinan City as a whole has an area of 8,177 km? and a population of 7.132
million permanent residents in 2015, of which about 4.8 million live in urban areas, and over 2.8
million are in the main urban center. The urbanization rate is 67.96%, and 49.7% of the population
is male and 50.3% female.

141. The project is being implemented in five urban districts: Licheng, Lixia, Tiangiao,
Shizhong, and Huaiyin. These five districts have a combined land area of 2,094 km? and a
combined population of 3.086 million, accounting for 4 Rl -LQDQYV SRSXODWLRQ

25 Jinan Statistical Year Book (2015) and PPTA Poverty and Social Analysis Report (2016).
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Table IV-10: Air Quality and Noise Sensitive Receptors along the Trolley B

us Rapid Transit Corridors

Trolley Bus Rapid No. of No. of N.O' Of. . . D”ec“oﬂ and
No. Transit Corridor Schools Hospital Residential Key Sensitive Receptors Estlmgted Distance to
pitals
areas Corridor Boundary
Duandiangongyuan community East, 20 m
1 V1. Erhuanxilu 8 5 21 Jinaq Chinese medicine dermatology West, 51 m
hospital
Jinan City, Meilihu first primary school East, 72 m
V2. Weishierlu- ;\é(z:;:ggg r:-(lac:]sgpict(::llmorpIL—JIrL]JI;)i/yin District, Jinan LR
2 Y_angguang— 17 6 39 City ’ East, 30 m
Jiuquzhuang Jinan thirty - seventh middle school East, 18 m
Lingshan Mingjun phase Il community West, 35 m
3 V3. Lishan 17 3 10 Shandong Province Chest Hospital East, 39 m
State Prosecutor College Shandong Branch East, 24 m
Honglou Community West, 13 m
Cconomigs Dormitory o East, 26 m
4 V4. Erhuandonglu 15 3 37 Jinan Liuyi children hospital West, 26 m
Jinan City the eleventh middle school West, 57 m
Xunliu 1st Elementary School West, 150 m
Xianwen Garden Community North District East, 43 m
5 V5. Aoitizhonglu 2 3 10 Shandong Provincial Hospital East District East, 91 m
Jinan City the second vocational school East, 31 m
. Qinnianjuyi Community North, 46 m
Hl_‘ Q|ngda_1_o|u- Quancheng Garden Community South, 62 m
6 Beiyuandajie- 15 8 42 - - -
Gongyebeilu S_econd_Hosplth of Shandong University North, 72 m
Jinan City the sixth middle school South, 30 m
H2. Nanxinzhuang- New Wgrld Sunshine Ggrden Community North, 35 m
7 Goﬁgyenanlu 10 6 34 Jinan City Central Hospital North, 45 m
Jinan City seventh middle school South, 28 m
Luneng Linxiucheng community E area South, 56 m
8 H3. Erhuannanlu 5 3 16 Santa Maria Maternity Hospital North, 56 m
Shandong Medical College South, 40 m
Total (335) 89 37 209

Notes: (i) Air Quality Relevant Standard: Class Il, Ambient Air Quality Standard GB3095-2012; (ii) Noise Relevant Standard: WHO Class WHO Class I: Residential,
institutional, educational: 55 day and 45 night. Source: EIT (2017), based on satellite imagery.
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Table 1V-11: Administrative Divisions and Population in th e Project Area

Region Area Population (1000s)
Km2

Lixia 101 603
Shizhong 281 609
Huaiyin 152 403
Tiangiao 259 514
Licheng 1301 957
Total 2094 3086

Source: Jinan Statistical Yearbook (2016)

142. Economy and GDP. ,Q -LQDQYV *CBY&D.®2 bilion, a year-on-year
increase of 8.1%. Of this, the output value ratio of primary, secondary, tertiary industries was 5.0:
37.8: 57.2. In 2015, JinanV SHU B&DRBWa¥ BNY85,919, higher than the provincial and
national averages (Table 1V-12) and a year-on-year increase of 7.0%. The five project districts
show per capita GDP considerably higher than the provincial average. Tertiary industries
dominate the five districts § *'3and show considerable year-on-year growth.

Table IV-12: Comparison of GDP in the Project Area to Shandong Province and PRC

Area (((SZDNs( Primary Industry Slen %?Jnsctig/ry Tertiary Industry Géo;/;/éh PerecDan)) Ita
billion) Output % Output % Output % (CNY

PRC 67,670.8 6,086.3 9.0% 27,4278 40.5%  34,156.7 50.5% 6.9% 49,351
Shandong 6,300.2 4979  7.9% 2,948.6  46.8% 2,853.7 45.3% 8.8% 64,168
Jinan City 610.0 305 5.0% 230.7 37.8% 348.8 57.2% 8.1% 85,919
Project Area

Licheng 80.8 48.3 4.9% 330.1 38.8% 429.6 56.3% 8.0%

Lixia 107.1 0.0 0.0% 150 14.0% 92.1 86.0% 8.5%

Tiangiao 38.5 04 1.0% 9.6 24.9% 285 74.0% 9.1%

Shizhong 75.1 0.4 0.4% 12.7 16.5% 62.1 83.1% 8.2%

Huaiyin 38.7 04 1.0% 105 27.1% 27.8 71.8% 8.1%

Source: 2015 Economic and Social Development Statistical Bulletins (National, Shandong, Jinan); Jinan Statistical
Yearbook (2015).

143. Per capita disposable income of Jinan urban residents and rural residents was higher in
2015 than the provincial and national averages, and as with the rest of the PRC urban incomes
were considerably higher than rural ones (Table 1V-13).

Table IV-13: Comparison of Per Capita Disposable Income in 2015
Per Capita Disposable Income (CNY)

Urban Rural
PRC 31,195 11,422
Shandong 31,545 12,930
Jinan 39,889 14,232

Source: Jinan Statistical Yearbook (2015).

144. Employment. JinanV HPSOR\HG SR S3X88/DnillierRr(202%) Mcluding 718,000
employees in primary industry, 1.247 million in secondary industry, and 1.922 million in tertiary
industry, giving an employment ratio for the three industries of 18.5%: 32.1%: 49.5%. In 2015, the
registered unemployment rate was 2.0%.
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145. Education . Jinan had 43 institutions of higher education in 2015, and 536,000 thousand
students. Of these, 11 institutions are privately operated with 100,000 students. There are
302,000 students in middle schools and 414,000 students in primary schools.

146. Public transit and traffic conditions. The number of vehicles on the roads of Jinan is
increasing dramatically. In 2016, 258,000 new vehicles were added, and total vehicle ownership
reached 1.824 million vehicles, of which car ownership was 1.742 million, an increase of 16.1%.
Private cars were used an average of 2.9 times per day.

147. Currently, the Jinan public transit system includes BRT and regular buses, and Jinan was
the first city in the PRC to operate a BRT network. Due to concerns regarding protection of the
F L WaKkt®dran springs, Jinan does not yet have an underground metro system, though work has
now began on three lines, the first of which will be operational in 2019. By the end of 2015, Jinan
had a fleet of more than 6,340 buses operating on 247 routes, providing more than 2.4 million
trips each day. However, since 2011, the percentage of total commuter trips being served by
public transit is falling, and in 2013 it was only 18%, down by 4.8% from 2011. Although overall
transit ridership is declining, daily BRT ridership increased from 170,000 in 2008 to 240,000 in
2012. However, the BRT network does not yet cover the major traffic corridors, and for a large
belt shaped city, the existing transit system is not competitive enough to reduce traffic congestion.

148. -LQDQ TV utbanigdtien and growth in the car ownership and inadequate public

transportation network has led to traffic congestion and associated air pollution. In the first quarter

of 2016, Jinan overtook Beijing to become the most congested city in the PRC. The ranking is

based on a "delay index" calculated by analyzing data collected from devices installed on vehicles

that can record their speed and location. The index reading for Jinan was 2.097, 1.979 for Beijing,

and 1.789 for Shanghai. An index reading of 2.0 indicates that a commuter spends twice as much

time on a trip as on a normal day.?® The JEPB reports that 15% of PM2s LQ -LQDQTV XUEDQ D
comes for auto emissions.

149. Wastewater treatment and solid waste management . The Jinan urban area has five
urban wastewater treatment plants (WWTPs) and 11 smaller domestic wastewater treatment
stations, with a total capacity of 0.84 million m3/d. They are served by a pipeline network including
1,300 km of sewers, 950 km of storm water lines, and 20 pump stations (Jinan Municipal Utilities
Bureau, 2017). According to 2015 and 2016 JEPB monitoring data, the effluent of all the 16
WWTPs and stations is generally in compliance with applicable standards.

150. In 2015, the urban area of Jinan handled 1,858,000 tons of domestic solid waste, of which
844,500 tons was incinerated and 613,500 tons landfilled (Information on Environmental Pollution
Prevention and Control of Solid Waste, JEPB).

26 An Analysis Report of Traffic in Major Chinese Cities in the First Quarter of 2016, co-released by AutoNavi
Software Co, and the Sustainable Transport Research Institute, Tsinghua University. 2016.
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V. ANTICIPATED ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES

A. Project Zone of Influence and Assessment of Impacts

151. The project zone of influence is defined as:

0] 200 m to either side of the centerline of the 111.2 km of zero-emission high quality
BRT trolley bus corridors (this includes all trolley bus stations);
(i) 100 m upstream to 1,000 m downstream of the trolley bus corridors bridge

crossings on the Xiaoging River;

(iii) the 8 existing and 8 new trolley bus depot sites (one of which includes a Command
and Control Center site); and

(iv) the 36 traction substation sites (if not already within the trolley bus corridor zone
of influence).

152. The project zone of influence is presented in Figure V-1.

Figure V-1: Project Zone of Influence
\ ‘..ng’!(‘_‘—
v

oo s

9 :
! oy}

Sources: FSR (2017), EIT (2017), Google Earth (2017), and PPTA conultants.

153. Potential negative and positive impacts within the project zone of influence were
assessed. Pre-construction, construction phase, and operation phases were each considered
separately.
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B. Anticipated Impacts Associated with Project Location, Detailed Design and Pre-
Construction Phase

154. Siting and land acquisition . Project construction will require some, albeit very limited,
temporary and permanent land acquisition. Land will be used temporarily for staging construction
works or for the storage and disposal of excavated spoil; however, these lands will be within the
permanent land acquisition or occupation area and hence no compensation will be required for
temporary land occupation. The BRT trolley bus corridors, BRT stations and power lines will be
within the RoW of the existing roads, and will not require any land acquisition. The only project
activities requiring land acquisition will be construction of traction substations and trolley bus
depots.

155. The project will construct 36 traction substations on vacant state-owned land and road
side landscaping. A total of 4.3 mu (0.32 ha) land will be permanently acquired, but no persons
will be affected and no resettlement is required.

156. The project will upgrade 8 existing depots and construct 8 new ones. According to the
FSR and confirmed by surveys, 398.7 mu (26.58 ha) of land will be required by the bus depots,
of which, 374.1 mu (24.94 ha) are state-owned land and 24.6 (1.64 ha) mu are collective land. Of
the state-owned land, land use certificates have been obtained or appropriated by the government
for 213 mu (14.2 ha) for 9 depots, and for the remaining 161.1 mu (10.74) for 6 depots, land use
certificate must be obtained and compensation payment completed to the pertinent district
governments, although these lands are currently being used by the JPTC. No person will be
affected by the state-owned land occupation and no resettlement is required.

157. The only depot requiring permanent acquisition of collectively owned land is the Hanyu
depot in Nanhu Village, Gaoxin District. A total of 24.6 mu (1.64) will be required, affecting 4
households with 13 persons, including 7 females. The land has been abandoned and is not
currently farmed.

158. The following mitigation measures will be implemented:

159. The project has been classified as resettlement category B and a resettlement plan (RP)?’
with time-bound actions has been prepared under a separate process, supported by a due
diligence review by ADB social safeguard specialists. The RP includes CNY6.37 million in
compensation, including CNY4.35 million (68.2%) for collective land acquisition, CNY0.74 million
(11.6%) for young crop compensation; CNYO0.7 million (11.1%) for other costs, and CNY0.58
million for contingencies.

160. Measures to be implemented during detailed design. The project detailed technical
design will:

(1) Ensure land acquisition issue resolved for bus depots.

(i) Minimize land acquisition for traction power substations on state owned land.

(iii) Ensure public health and safety, promote nonmotorized traffic, and ensure barrier-
free access for the disabled.

(iv) Coordinate with Jinan Landscape Department (JLD) for relocation of landscaping
trees on trolley bus rapid transit corridors.

27 Resettlement Plan and Due Diligence Report for the Shandong Spring City Green Modern Trolley Bus
Demonstration Project, 2017.
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161. Measures to be implemented during p re-construction. A number of environmental

management measures will be implemented inthe pre-FRQVWUXFWLRQ SKDVH WR HQVXU

environment management readiness. These include:

0] Institutional strengthening:

a. Recruitment, including (a) appointment of a qualified Environmental and
Social Officer (PMO ESO) within the PMO by the IA; (b) contracting of an
external Loan Implementation Environmental Consultant (LIEC) by the IA;
and (c) contracting of a qualified Environmental Monitoring Station (EMS)
or consultant by the IA to conduct environmental quality monitoring.

b. Prior to the start of construction, the institutional strengthening and training
program will be delivered by the LIEC (Table 6, Appendix A ). The training

WioOO IRFXV RQ $'%fV DQG 35&TV UHOHYDQW HQYLURQ

laws, regulations and policies; implementation of the EMP, environmental
monitoring, chance find procedures for PCRs, and the GRM. Training will

be provided to the IA, relevant PMO staff, and contractors.
(i) Grievance redress mechanism. In accordance with the GRM (see Chapter VI
and Appendix I), the PMO ESO will assume overall responsibility for the GRM.
GRM training will be provided for PMO members and GRM access points. A
website will be developed to provide information on the project and the GRM, the

302 ZLOO FRRUGLQDWH ZLWK JRYHUQPHQW *5@W&OLQH" WR

PMO will issue public notices to inform the public within the project area of the
GRM, and contact information (GRM website address, PMO address and
telephone number, PMO contact point email address) for the PMO and local entry
points (e.g., contractors) will be disseminated at all major access points. Maintain
and update a complaints register to document all complaints.

(iii) Updating the EMP (if required). Mitigation measures defined in this EMP and the
EMoP will be updated based on final technical design. This will be the responsibility
of the PMO Environmental Officer and the LIEC. Submit to ADB/PMO for approval
and disclose updated EMP on project and ADB website.

(iv) Disclo sure and consultation. Information disclosure and consultation activities
will be continued with affected people and other interested stakeholders, including
but not limited to the project implementation schedule, GRM and status of
compensation (if relevant).

C. Anticipated Construction Phase Impacts and Mitigation Measures

162. Impact screening. Potential impacts during the construction phase could include air
pollution, noise, water pollution, solid waste and poor occupational health and safety practices.
Potential air quality impacts could occur due to fugitive dust generated at construction sites from
stockpiles of uncovered earth materials, and vehicles hauling materials. The use of powered
mechanical equipment (PME) during construction activities will generate noise. Construction
activities will generate process wastewater and construction workers will produce wastewater.
Wastewater generation is expected to be limited considering the nature and scale of construction.
Construction works will produce construction and demolition (C&D) wastes. Workers will face
occupational health and safety issues working on construction sites. Potential impacts are
assessed and addressed below. Identified impacts can be readily addressed through the
application of good construction site practices.

163. Asthis is an urban project, there will be no worker camps or on-site canteens.
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1. Impact on Physical Resources

164. Soil and spoil. Construction activities during lane modification include removing and/or
relocating the existing road-side landscaping. At new bus depots, leveling and landscaping works
will involve earthwork. It migt involve excavation at one new bus depot where current conceptual
design of depot building has one ground level. According to the design institute, excavation is
expected to be shallow excavation (1.5 m depth or less around 500 square meter building area).
For bus corridors, there will be no excavation needed. According to the EIT, approximately 22,143
m? of soil and spoil is estimated.

165. To minimize spoil production during construction, good construction soil and spoil
management construction practices will be adopted:

0] Strip and store topsoil in a stockpile for reuse in restoration.

(i) Temporary spoil storage sites (and storage containers at lane modification and
stations construction sites) will be identified, designed, and operated to minimize
impacts. Spoil sites will be restored at the conclusion of storage activities.

(iii) Spoil will be reused on-site or other project sites to the maximum extent feasible
as fill. Excess spoil that cannot be used on-site will be transported to an approved
spoil disposal site.

(iv) Spoil and aggregate piles will be covered with landscape material and/or regularly
watered.

(V) Waste construction material such as residual concrete, asphalt, etc., will be
properly handled for reuse or disposal.

(vi) Construction and material handling activities will be limited or halted during periods
of rains and high winds.

(viiy  Any planned paving or vegetating of areas will be done as soon as practical after
the materials are removed to protect and stabilize the soil.

(viii)  Once construction is complete disturbed surfaces will be properly revegetated with
native trees and grass.

(ix) Conduct project completion audit to confirm that spoil disposal site rehabilitation
meets required standard, hold contractor liable in case of noncompliance.

166. Air quality. Fugitive emission of dust (measured as total suspended particulates [TSP])
during earth works and fumes from asphalting and concrete batching are expected to be the main
air pollutants during the construction stage. The PRC Air Pollutant Integrated Emission Standard
(GB16297-1996) controls the emission of air pollutants from these activities (Table II-11).

167. Fugitive dust will be generated on construction sites during earth works from construction
activities, uncovered earth material stockpiles on construction sites and temporary spoil storage
and disposal areas (and containers), and from vehicles hauling loads, especially if loads are
uncovered. The EIT predicts unmitigated compliance with the Ambient Air Quality Standard
(GB3095-1996) at 150 m downwind of TSP generating activities or locations. With mitigation
measures such as frequent watering of unpaved areas and haul roads (7 8 times each day), the
EIT estimates that the amount of dust could be reduced by 70% or more and the impact area be
reduced to within 100 m downwind of earth work activities. Impacts will be short-term and
localized, and in line with typical construction works that occur daily in cities throughout the PRC
and the world.

168. Commercial asphalt will be procured negating the need for asphalt mixing on construction
sites, and asphalt fumes will only be generated during road paving during lane modification works.
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Fumes will contain small quantities of toxic and hazardous chemicals such as volatile organic
compounds (VOCSs) and poly-aromatic hydrocarbons (PAHs), and may have negative impacts
along the trolley bus rapid transit corridors due to their urban nature and associated dense
populations and sensitive receptors. Asphalt fumes generated during road paving with
commercial asphalt will be considerably less than fumes generated during on site mixing, and
according to the EIT, once the paved asphalt is cooled to <82°C asphalt fumes will be reduced
substantially and then totally eliminated when the asphalt is solidified. Impacts will thus be short-
term in duration, localized in scale, low in magnitude, and in line with typical road works that occur
daily in cities.

169. Construction of bus stations, depots, and traction will use ready-mix concrete. Concrete
batching for depots, stations and substations structures will produce TSP. According to the EIT,
TSP levels from similar construction projects have been found to be approximately 9 mg/m?, 1.65
mg/m? and 0.3 mg/m? at distances of 50 m, 100 m and 150 m respectively downwind of concrete
batching activities. Compliance with the Ambient Air Quality Standard (GB3095-1996) is thus
expected to be achieved at 150 m downwind. Again, impacts are expected to be short-term,
localized and low-magnitude.

170. The following mitigation measures to suppress dust and fumes at construction sites,
backfill areas, storage sites, and haulage will be adopted:

0] Construction works will be implemented in a phased manner along corridors so as
to ensure activities in any one area are of limited duration.
(i) Particular attention will be paid to dust suppression near sensitive receptors such

as schools, hospitals, residential areas, and natural areas.

(iii) Water will be sprayed on sites with the potential to cause fugitive dust including
unpaved areas, backfill areas, and unpaved haul roads, as necessary.

(iv) Temporary fencing will be erected around dusty activities.

(v) Construction spoil, aggregate other construction materials will be temporary stored
using containers, but they maythe potential to generate dust. Thus, containers will
be covered and/or watered if necessary. Powdered materials such as cement and
lime will be stored in sealed bags or containers.

(vi) The time construction and demolition wastes are on site will be minimized by
regularly removing them off site for disposal.

(vii)  Construction and material handling activities will be limited or halted during periods
of high winds if nuisance dusts are being generated.

(viii)  Trucks transporting earth materials will be equipped with covers or tarpaulin, and
will not be overloaded. Fine materials will be transported in fully contained trucks.

(ix) Muddy or dusty materials on public roads outside the exits of works areas will be
cleaned immediately.

x) Transport routes and delivery schedules will be planned to avoid densely
populated and sensitive areas, and high traffic times.

(xi) Disturbed sites will be revegetated as soon as possible after the completion of
works.

171. Overall, air quality impacts will be short-term (because of the phased construction
approach), localized and low in magnitude, and are in line with typical construction or road works
undertaken daily in cities throughout the PRC and around the world.
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172. Noise. Noise will be emitted by powered mechanical equipment (PME) used during
construction Table V-1. Predicted construction noise attenuation based on combined sound
power levels of noise sources is presented in Table V-2.

Table V-1: Construction P hase Noise Sources

Construction Sound Level Nature of Sound . .
Activity Sound Source dB(A) Source Directivity
Earthworks Bulldozers 78-96 Intermittent No
Other vehicles 70-80 Intermittent No
Pole foundation Pile drivers 70-90 Intermittent No
construction Tampers 70-90 Intermittent No
Concrete mixer trucks 70-85 Intermittent No
Vibrators 85-100 Intermittent No
Structure Air compressors 85-95 Intermittent No
fabrication Electric v_veldlng 90-95 Intermittent No
machines
Electric saws 100-110 Intermittent No
Finishing and Electrodrills 100-110 Intermittent No
equipment Electric hammers, i .
installation hand tools 100-105 Intermittent No

Source: domestic EIT (2017).

Table V-2: Predicted Construction Noise Attenuation of Combined S ound Power
Levels of Noise Sources

Noise Levels [dB(A)] at Distances from the Noise Source
10m 20m 30m 40m 60m 80m 100m 150m

Construction Phase

Earth works 92 85 81 77 73 70 67 63 60
Pole ~ ~ foundation o5 g9 g5 g1 77 74 71 69 64
construction

Structural works 94 87 83 79 75 72 69 65 62

Noise standard at
construction site
boundary
(GB12523-2011)

Source: domestic EIT (2017).

Day time: 70; Night time (22:00-06:00 hrs): 55

173. Table V-2 shows that to comply with GB12523-2011 standards without mitigations, PMEs
would have to be located at distances from the construction site boundary in the day time of 80
m during earth works, 100 m during super structural works and 150 m during foundation works.
At night, PMEs would have to be located more than 200 m from the construction site boundary.
The footprint of a trolley bus corridor construction site is long and narrow and such distance
separation is unrealistic.

174. The following mitigation measures will be applied to reduce construction noise to
acceptable levels:

() Construction activities will be planned in consultation with local authorities and
communities so that activities with the greatest potential to generate noise and
vibration are planned during periods of the day that will result in the least
disturbance.
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(i) Construction will be avoided to the extent possible between the hours of 22:00 and
06:00. However, it is recognized that construction in the trolley bus rapid transit
corridors will occasionally require some works to be conducted at night to take
advantage of reduced road traffic and/or to avoid worsening day time traffic
conditions. In such cases:

(a) night time construction work should avoid using high sound level power
equipment; and

(b) nearby residents should be notified of such night time activities well in
advance.

(iii) Low-noise equipment that conforms to the PRC noise standard GB12523-2011 will
be selected as much as possible.

(iv) Equipment and machinery will be equipped with mufflers and will be properly
maintained to minimize noise.

(V) Machines in intermittent use will be shut down in the intervening periods between
work or throttled down to a minimum.

(vi) Noise personnel protective equipment (PPE) will be provided to workers.

(viiy  Transportation routes and delivery schedules will be planned during detailed
design to avoid densely populated and sensitive areas and high traffic times.

(viii)  Vehicles transporting construction materials or wastes will slow down and not use
their horn when passing through or nearby sensitive locations.

175. Water quality. Inappropriate disposal of construction wastewater (from construction site
runoff, drainage of drilling, washing construction equipment and vehicles, pouring and curing
concrete, and oil-containing wastewater from machinery repairs) could potentially pollute nearby
water bodies and clog local drains. Workers will generate but limited amount of domestic
wastewater.

176. Excavation for bus depots could also affect groundwater and springs if they are too deep.
However, the project will only undertake shallow excavations (1.5 m depth or less). Consultations
with the JEPB and the JLD confirmed that groundwater depths are typical 10 m or more, and that
the shallow excavations to be undertaken by the project, which are considerably shallower than
excavations undertaken throughout the city for buildings and municipal utilities, will not have a
negative impact on groundwater or springs.

177. To prevent pollution of water resources, the following mitigation measures will be
implemented:

0] Sufficient portable toilets will be provided for the workers and will be cleaned and
discharged to the municipal sewerage system on a regular basis.

(ii) Construction wastewater from each site will be directed to temporary detention and
settling ponds (at bus depot sites) or tanks (at bus station sites), and then treated
water may be recycled for use in dust control or discharged to the local storm
drainage network. If needed, polyacrylamide flocculent will be used to facilitate
particle settling. All discharged construction wastewater will to be treated to the
appropriate PRC standard prior to discharge. Discharged water will then be treated
LQ RQH RI -LQDQYV PXQLFLSDO ::73V

(iii) All necessary measures will be undertaken to prevent construction materials and
waste from entering drains and water bodies.

(iv) Maintenance of construction equipment and vehicles will not be allowed on sites
to reduce wastewater generation.
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178. The above mitigations combined with other EMP mitigations with respect to management
of solid and hazardous wastes will ensure protection of groundwater and springs, and are
consistent with guidelines presented in the Jinan Historical and Cultural City Protection Plan “and
Jinan City Famous Spring Protection Regulations ",

179. Solid waste. Solid waste generated during construction will include construction and
demolition (C&D) waste dominated by excavated spoil and pavement, and refuse generated by
construction workers is 0.1 kg/worker/day. Inappropriate waste storage and disposal could affect
soil, groundwater, and surface water resources, and hence, public health and sanitation.

180. The following solid waste management measure will be implemented:

() C&D wastes will be reused or recycled to the extent possible. The existing
pavement on the zero emission trolley BRT corridors, estimated in the EIT at
103,000 m3, will be recycled to the maximum extent possible for use as paving
materials for the new road surfaces.

(i) C&D waste dumpsters will be provided at all work sites. C&D waste will be
collected on a regular basis by a licensed waste collection company and
transported for recycling, reuse, or disposal at a licensed landfill, in accordance
with relevant PRC regulations and requirements.

(iii) Littering by workers will be prohibited.

(iv) Domestic waste containers will be provided at all work sites. Domestic waste will
be collected on a regular basis by the local sanitation departments and transported
for recycling, reuse, or disposal at a licensed landfill, in accordance with relevant
PRC regulations and requirements.

(v) Excavated soil will be backfilled onsite to the extent possible. Excess spoil that
cannot be used on-site will be transported to an approved spoil disposal site.

(vi) There should be no final waste disposal on site. Waste incineration at or near the
site is strictly prohibited.

(vii)  Contractors will be held responsible for proper removal and disposal of any
significant residual materials, wastes, and contaminated soils that remain on the
site after construction.

181. Hazardous materials. Inappropriate transportation, storage, use and spills of petroleum
products and hazardous materials that might be involved at new bus depot areas can cause soil,
surface and groundwater contamination.

182. The following mitigation measures will be implemented:
(@ Some hazardous materials handling and disposal protocol that includes spill

emergency response will be prepared and implemented by contractors.
(i) A spill response plan will be developed, including:

a. Maintain a stock of absorbent materials (e.g., sand, earth, or commercial
products) on site to deal with spillages and training staff in their use.
b. If there is a spill take immediate action to prevent entering drains,

watercourses, unmade ground or porous surfaces. Do not hose the spillage
down or use any detergents use oil absorbents and dispose of used
absorbents at a waste management facility.
C. Record any spill events and actions taken in environmental monitoring logs
and report to PMO and LIEC.
(iii) Suppliers of chemicals and hazardous materials must hold proper licenses and
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follow all relevant protocols and PRC regulations and requirements.
2. Impact on Ecological Resources

183. Floraandf auna, protected area. All project sites are within the Jinan urban core in highly
developed and modified industrial, commercial and residential and urban environments. Project
works for trolley corridors and stations will be undertaken within existing road right-of-ways. Bus
depot works will rehabilitate 8 existing sites and create 8 new depots on existing urban land,
including the creation of a Command and Control center at one of the existing depots. Traction
substations will be established on existing undeveloped land often within the road RoW on
landscape strips. Original vegetation cover at these sites has been previously removed, and
existing site vegetation is typically completely absent as they are developed industrial sites, or in
the case of some of the traction substations, have typical grasses and low shrubs. Based on the
DEIA and site surveys, there are no known rare or endangered flora or fauna, species with
international, national or provincial protection status, areas of natural or critical habitat, parks,
nature reserves, or areas with special national, regional or local ecological significance within or
adjacent to any of the sites.

184. Construction of the zero emission trolley BRT corridors will require some existing
landscape shrubs and small trees to be removed located on the landscape strips between the
motor vehicle lanes and the bicycle lanes. Construction may also threaten the only known
protected tree in the project zone of influence, a 200-year-old Chinese scholar tree (Sophora
japonica), located at the southern end of corridor V5. The site visit confirmed that the 200-year-
old tree is located in landscaping area just off the project road corridor, which is well protected
with a proper protection signage and fence to limit the access. Other than this tree, ecological
impact during construction will be minimal.

185. The following mitigation measures will be implemented:

0] Detailed design of the low emission trolley bus rapid transit corridors will maximize
the retention of trees, and in particular trees with trunk diameters >40 cm.

(ii) Construction working areas will be demarcated to prevent encroachment and
damage to adjacent areas.

(iii) Green landscaping will be implemented along trolley corridors and at bus depots
and traction substations, including replacement trees and grasses appropriate to
local ecological conditions. Locations and species selection to be decided in
consultation with the JEPB and JLD.

(iv) No modification will be allowed in the landscaping area where the Chinese scholar
tree (Sophora japonica), located at the southern end of corridor V5 is fenced and
protected.

186. The maximum retention of existing trees and planting of new trees will improve urban
quality, provide shade and screening and is in line with the national vision for Jinan as a
demonstration city for the environment.

3. Impact on Socioeconomic Resources

187. Occupational health and safety. = Construction may cause physical hazards to workers
from noise and vibration, dust, handling heavy materials and equipment, falling objects, work on
slippery surfaces, fire hazards, chemical hazards such as toxic fumes and vapors, and others
risks.
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188. The Contractor § Environment, Health and Safety Officer will develop and implement an
Occupational Health and Safety Plan (OHSP), maintain records concerning health, safety and
welfare and regularly report on accidents, incidents and near misses. The OHSP will provide
adequate precautions to protect the health and safety of their workers, including but not
necessarily limited to:

(1) Construction site sanitation
a. Sites will be effectively cleaned. During site preparation, phenolated water
will be sprayed for disinfection if necessary.
b. Wastes will be removed on a regular basis in accordance with waste
management mitigation measures (above).
C. A clean and sufficient supply of fresh, potable water will be supplied to all

work sites. An adequate number of latrines and other sanitary
arrangements will be provided at all work sites and cleaned and maintained
in a hygienic state, in accordance with water quality mitigation measures
(above).
(i) Occupational safet y. Workers will be provided with appropriate personal
protective equipment (PPE) to workers to minimize risks, including:

a. Safety hats and safety shoes to all construction workers;
b. Safety goggles and respiratory masks to workers doing asphalt road
paving;
C. Ear plugs to workers working near noisy PME, especially during piling
works.
(iii) Electrical safety. Electrical safety risks will be assessed and safety protocols
developed.

(iv) Traffic safety. Provide appropriate safety barriers and warning signs to ensure
safety of workers on roads.

(V) Medical emergency r esponse . response procedures will be developed covering
both workers and community members (when affected by project related
activities), including communication systems and protocols for interaction with
local and regional emergency response providers, first aid equipment on site,
contact information for the nearest ambulance and medical facilities, training for
workers on initial on-site emerge response, protocols for informing and transferring
injured workers to local or provincial health centers, and record keeping. At least
one trained first-aid worker will be available at each construction site.

(vi) Emergency r esponse . response procedures will be developed, including
communication systems and protocols for interaction with local and regional
emergency response providers, protocols for shutting down power, firefighting
response procedures, provision of appropriate firefighting equipment, training for
workers on fire response, and record keeping.

(viiy  Training. An OHS manual will be prepared and disseminated to workers, and
training will be provided to workers in all aspects of the OHS plan prior to the start
of construction and on a regular basis (e.g. monthly).

189. Community health and safety. Traffic congestion may worsen as construction traffic in
the urban area increases during rush hours, causing temporary inconvenience to traffic, residents,
commercial operations, and institutions and the risk of accidents. The project may also contribute
to road accidents through the use of heavy machinery on existing roads, temporarily blocking
pavements for pedestrians etc.
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190. Construction sites for the zero emission trolley bus rapid transit corridors will be located
close to residential and commercial urban areas, presenting a threat to public health and safety.
Assessments of dust and construction noise impacts indicate that with the implementation of
mitigation measures described in this report, such impacts will not adversely affect nearby
sensitive receptors and the public health of occupants at these sensitive receptors.

191. Construction may require relocation of municipal utilities such as power, water,
communication cables, even though Jinan utility bureau confirmed that there will be no impact on
most major utility cables and water piles buried under road sides since the project construction
activities involves in the middle section of urban trunk roads.

192. To mitigate potential impacts on community health and safety contractors will implement
the following measures:

0] Temporary traffic management. A traffic control and operation plan will be
prepared together with the local traffic management authority prior to
commencement of construction. The plan shall include provisions for diverting or
scheduling construction traffic to avoid morning and afternoon peak traffic hours,
regulating traffic at road crossings with an emphasis on ensuring public safety
through clear signs, controls and planning in advance.

(i) Information disclosure.  Residents, businesses, schools and hospitals will be
informed in advance through media of construction activities, and be given the
dates and duration of expected disruptions.

(iii) Construction sites.  Signs will be placed at construction sites in clear view of the
public, warning people of potential dangers such as moving. All sites will be made
secure, discouraging access by members of the public through appropriate fencing
whenever appropriate.

193. Physical cultural resources. Based on both sites surveys and a review of relevant
literature, there are no known sites with Physical Cultural Resources (PCRs) within the project
work site footprints. However, construction activities have the potential to disturb as yet unknown
subsurface PCRs.

194. To address this issue, the following Chance Find Procedure , developed in in accordance
ZLWK 36Gutgral Heritage Protection Law, will be established and activated if any chance finds
of PCRs are encountered at bus depots or other sites:

0] Construction activities will be immediately suspended if any PCRs are encountered.

(ii) Destroying, damaging, defacing, or concealing PCRs will be strictly prohibited.

(iii) The local Cultural Heritage Bureau will be promptly informed and consulted.

(iv) Construction activities will resume only after thorough investigation and with the
permission of the local Cultural Heritage Bureau.

D. Anticipated Operation Phase Impacts and Mitigation Measures
195. Impact screening. Potential operation phase impacts of a zero emission trolley bus

network include GHGs, runoff from the corridors into drainage systems, and traffic accidents and
threats to public safety. These potential impacts are assessed and addressed below.
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196. Operation of the project will not affect or have any potential negative impacts on local air
pollution due to tailgas emissions, vehicle noise, biological resources, ecology and biodiversity,
and PCRs.

197.  Air quality. Air pollutants in fossil-fuel combustion vehicle exhaust include NO2, CO, HC,
and PM. Of these, the critical air pollutant is NO2, meaning that if NO> complies with the applicable
standard, other pollutants such as CO, HC and PM typically also comply with their respective
standards. Those vehicle exhaust emissions also contain GHGs which may have climate change
implications.

198. The project will operate 735 modern electric 3]H W@t&ll-gas) HPLVVLRQ ™ WUBRWGOH\ EXVE
depots will not be equipped with cafeterias. Thus, project operation is not expected to contribute

any atmospheric pollutants emissions, and contribute substantially to emissions reductions.

Operation of the project will result in substantial reductions in emissions compared to operation

of a similar fossil fueled bus fleet, or the provision of equivalent transportation through private

cars, as explained in Section V.G .

199. Noise. Unlike trams or gasoline and diesel buses, modern trolleybuses are almost silent,

lacking the noise of an engine or wheels on rails. Most noise comes from auxiliary systems such

as power steering pumps and air conditioning. Early trolleybuses without these systems were

even quieter. But this also was taken as disadvantage and somHWLPH LW ZDV UHIHUUHG V
G H D W\Kén arriving and leaving stations or depots, bus speeds will be below 10 km/h, and

expected noise levels from breaking and steering will be 69-70 dB(A). Electric trolley bus

operational average noise level is 60 dB (A)?8, considerably lower than diesel buses which range

from 80 to 85 dB(A).2°

200. Table V-3 presents noise attenuation results for trolley bus operation presented in the

EIT.** $FFRUGLQJ WR WKH QRLVH IXQFWLRQ DEnibhitemal ROty VLILFDW
Standard for Noise (GB3096-2008), areas within 35 m of the trolley bus corridors red line are

classified as Class 4a with day time and night time noise limits of 70 dB(A) and 55 dB(A)

respectively; while areas between 35 m to 200 m from the trolley bus FRUULGRUYfY UHG OLQ
classified as Class 2, with day time and night time noise limits of 60 dB(A) and 50 dB(A)

respectively. The results indicate that noise levels from trolley bus operation in the project

corridors will comply with PRC and standards and EHS Guidelines.

Table V-3: Predicted Electric Trolley B us Operation Noise Attenuation

Distance (m) from

Corridor Red Line 8 15 20 25 30 35 40 45 50 55
Noise dB(A) 53.9 48.5 45.9 44.0 42.4 41.1 39.9 38.9 38.0 37.2
Environmental

Quality Standards Class 4a Class 3 Class 2 Class 1

for Noise- Nighttime<55 Nighttime<50 Nighttime<45 Nighttime<40

GB3096-2008

28 C.A. Brebbia and J.L. Miralles | Garcis (ed). 2015. Urban Transort XXI, WIT press, Southhampton, Boston.
2% Development Prospects of Trolleybuses, Zhang Xi; and adapted from Transport Action, Transport Canada 2000,
October 2001, additional data from BC Transit, 1999 and Calgary Transit.
30 Noise attenuation was calculated based on the following formula:
L2 = L1-20log r2/r1
Where L2 is the new sound level at the new distance
L1 is the sound level at the reference distance
rl is the reference distance from the source
r2 is the new distance from the source
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EHS Class | Class 2
Guidelines Daytime<55 Nighttime<45

Source: EIT (2017).

201. Table V-4 presents noise attenuation modelling undertaken at one of the sensitive
receptors (Qinnianjuyi Community at Beiyuan Avenue) for the year 2030. The modelling assumed
a peak ridership of between 9,000 and 10,000 passengers per hour and 105 busses in operation,
IRU 3ZLWK ™ DQG 3ZIstiramoX (the vdthioRt\pidjEdtvassumes traditional buses). The
results indicate that the noise contribution from trolleybuses is lower than traditional buses by
about 6 dB(A). Overall, project operation will help reduce traffic noise levels as a result of the
WUROOH\ Eapardtign ankllinkproved traffic flows.

Table V-4: Predicted Trolley B us Corridor Operation Noise Attenuation at the Qinnianjuyi
Community Sensitive Receptor. Noise levels in dB(A).
Distance to road centerline distance (m)
20 40 60 80 100 120 140 160 180 200

Corridor

Beiyuan Ave.
(traditional buses, 64.0 56.2 53.4 51.7 50.4 49.3 48.4 47.6 46.9 46.3
without project)
Beiyuan Ave.
(trolley buses, with 57.9 50.2 47.3 45.6 44.3 43.2 42.3 41.6 40.8 40.2
project)
Noise reduction (with
project)
Note: assumes: urban trunk road, dual-way, ten lanes, 37 m wide, and a design speed of 60 km/h.
Source: EIT (2017).

-6.1 -6.0 -6.1 -6.1 -6.1 -6.1 -6.1 -6.0 -6.1 -6.1

202. Traffic safety. Operation of the zero emission modern trolley bus network includes
inherent risk of traffic accidents. This risk will be mitigated through:

(1) Regularly inspect and maintaining corridor roads and drains, and trolley bus
supporting infrastructure (overhead cables, substations, etc.).

(i) Appropriate training of trolley bus drivers and provision of PPE.

(iii) Strict enforcement of traffic laws and regulations, especially speed limits.

(iv) The provision of lanes for pedestrians and non-motorized vehicles.

(V) Improved designs of road junctions and pedestrian crossings.

203. Domestic solid waste . Solid waste generated during the operation phase will primarily
consist of domestic garbage generated from passengers at bus stations and operational staff at
bus depots, and will include plastic bags, paper, and other trash. The following solid waste
management measure will be implemented:

0] Bus stations and depots will be equipped with appropriate garbage and recycling
containers.
(i) Domestic garbage and recyclables will be collected on a regular basis.

Recyclables will be collected by an appropriate recycling facility, and garbage by
the local sanitation department for disposal at a municipal solid waste landfill.

204. Hazardous materials and waste. Toxic, hazardous, and harmful materials present in the
operation of the project may include new and used batteries and used lubricating oil and grease
(O&G) at bus repair workshop areas in a few bus depots. Trolley bus batteries have a design life
span of 15 years and the EIT estimates that waste about 5.3 t/a of O&G will be generated during
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vehicle and power traction substation maintenance and repair. Inappropriate waste storage and
disposal could affect soil, groundwater, and surface water resources, and hence, public health
and sanitation.

205. The following hazardous materials and waste management measure will be implemented:

0] A hazardous materials handling and disposal protocol that includes spill
emergency response will be prepared and implemented by depot operators.

(i) Suppliers of chemicals and hazardous materials must hold proper licenses and
follow all relevant protocols and PRC regulations and requirements.

(iii) Storage facilities will be established at each bus depot for fuels, oil, chemicals and
other hazardous materials. Storage facilities will be established in accordance with
Hazardous Waste Storage Pollution Control Standards (GB18597-2001) within
secured areas on impermeable surfaces provided with dikes, and at least 300 m
from drainage structures and important water bodies. A standalone site within each
storage facility will be designated for hazardous wastes including scrap batteries.

(iv) Licensed companies will be hired to collect, transport, and dispose hazardous
materials in accordance with relevant PRC regulations and requirements.

a. Qualified waste battery recycling companies will collect and recycle used
batteries on a regular basis.
b. Quialified companies will collect and properly disposal waste O&G on a

regular basis.

206. Some sections of the trolley bus corridors located south of the Jingshi Road pass through
a quasi-groundwater drinking water source protection zone, and there are also two bridge
crossings of the Xiaoging River. There is a risk of battery or other leaks polluting these water
resources.

207. To mitigate these risks:

0] Regular vehicle maintenance will be undertaken to ensure safe battery operation.
(i) Emergency spill response plan (noted above).

208. Visual aesthetics. The overall visual character of the project zone of influence is that of
a mature developed urban center. Jinan already has 179 km of bus lanes including 47.9 km of
rapid transit lanes, and the addition of the zero emission trolley bus rapid transit network (priority
lanes, stations, depots, traction substations and overhead power cables) is similar to that of
existing conventional bus, trolley or BRT services, and therefore will not introduce new elements
that will result in substantial negative visual effects in the highly urbanized areas along the zero
emission trolley BRT corridors. With dual power supply technology, overhead line networks will
no longer be needed at road intersections and landscape sections. Lighting and signage for the
proposed zero emission trolley bus rapid transit corridors at stations and other locations will be
compatible with the exiting surrounding urban facilities and infrastructure.

E. Cumulative, Indirect, and Induced Impacts

209. Cumulative impacts are defined as the combination of multiple impacts from existing
projects, the proposed project, and anticipated future projects that may result in significant
adverse and/or beneficial impacts that cannot be expected in the case of a standalone project.
With respect to the construction phase, the IA is not aware of any other transport construction
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projects that might occur within close proximity of, and concurrently with, the construction of the
zero emission trolley BRT corridors that might result in cumulative construction impacts.

210. Indirect impacts are adverse and/or beneficial environmental impacts which cannot be
immediately traced to a project activity but can be causally linked. Induced impacts are adverse
and/or beneficial impacts on areas and communities from unintended but predictable
developments caused by a project which may occur later or at a different location.

211. The upgrading of an existing road (such as zero emission trolley BRT corridor) has the
potential to influence traffic volumes and developments on adjacent roads. The proposed
corridors as well as future traffic volumes on these roads have been examined in the context of
the appropriate master plans in the FSR. The proposed corridors will address weak links in the
existing public transportation network. With their completion traffic function and public transport
service provided for the adjacent areas will be improved and enhanced. The projects contributions
to, and influence on the district and neighborhood traffic flows, have therefore been assessed
within the context of the relevant plans and are considered appropriate. Significant indirect or
induced negative impacts are not anticipated.

F. Associated Facilities

212. Associated facilities are facilities that are not funded as part of a project but whose viability
and existence depend exclusively on the project, or whose goods or services are essential for
successful operation of the project. There are no known project associated facilities.

G. Climate Change Impacts

213. Following A'% YV FOLPDWH ULVN PDQDJpréjettQuas Siddhdd Rding Dy W KH
AWARE tool, which provides more explicit and categorical information on the likely nature of

climate and natural disaster risks. AWARE returned a risk rating of High, reflecting primarily high

risks from wildfire, flood and water availability; and medium risks from temperature increase and

solar radiation change. A full scale climate risks and volunerability assessment was conducted by

C. Rodgers, Senior Advisor of Climate Change Adaptation at SDCC/CCDRM. Taking into climate

risks in Jinan, the nature of the project and the project locations, the flooding was considered as

the climate risk of highest priority for the project.

214. Projection on flood events and contatant efforts to improve flood control meaures carried
out by Jinan were taken into consideration. The CRVA provides recommendation to take a
precautionary approach assuming that annual maximum daily rainfall events and/or similar high-
intensity events that contribute to flood hazards will increase by 25% to 30% by 2050, and that
the magnitude of flood quantiles will reflect such increases, at least approximately. It also
concludes that such recommendations may not have direct implications for the Shandong Spring
City Green Modern Trolley Bus Demonstration Project, as it is a transport sector project. Decisions
concerning the location of facilities and good engineering designs and measures for potential
flood events may be recommended at detail engineering design stage. Appendix C provides the
CRVA report.

H. Positive Impacts and Environmental Benefits
215. Beneficiaries. The project beneficiaries are the 3.086 million residents of Licheng, Lixia,

Tiangiao, Shizhong and Huaiyin districts, both public transport users and residents in general.
Users will benefit from the improved transit service provide the by the zero-emission prioritized
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trolley bus transport network, bus stations and depots. In addition, the 4.8 million urban residents
will also benefit from reduced traffic congestion, improved road safety, and reduced air pollution.

216. Positive impacts. Project operation will have a number of significant positive and long
lasting impacts, as described below.

217. First, an increased number of public transport users will benefit from an improved and
more efficient service. Once operational, ridership on the trolley bus rapid transit network is
expected to reach 804,000 passengers per day, and on-time performance will exceed 90%. By
2025 it is expected that the public transport mode share in the city center area will increase to
25%, compared to 18% in 2016.

218. Second, travelling on dedicated bus lanes will reduce stop-and-go in congested traffic,
allowing the buses and other vehicles to travel at faster and more constant speeds (average public
transport average speed in the city center is expected to increase to 19 km per hour compared to
14 km per hour in 2016), improving traffic flow, reducing traffic jams, and providing better road
safety and faster travel times for passengers. This will also result in reduced carbon emissions
per vehicle per mile travelled (see below).

219. Third, the provision of a BRT-WUROOH\ FRUULGRU ZLOO UHGXFH WUDIILF ¢
SURMHFW’ VFH pthdJddavnRnoise X&turd/drR electric trolley buses, and ii) trolley buses will

be travelling more smoothly on dedicated lanes in the center of the carriageway, instead of the

present in-and-out, stop-and-go conditions.

220. Fourth, universal access for vulnerable users including elderly, disabled, women, and
children will be provided for at least 93 new BRT stations.

221. Fifth, an efficient public transport system will reduce the costs of transport in serving the
major districts, industrial sites and transport hubs, and will provide better accessibility to
employment and services in the city. It will enhance economic growth compared to the existing
public transport system.

222. Sixth, project operation will reduce pollutant and GHG emissions compared to the non-

project scenario as a result of zero-emission electric buses, reduced numbers of commuters in

private cars, and improved traffic flow.3* A separate emission reductions analysis was carried out

by the PPTA emissions specialist.®? The analysis looked at two scenarios with and without the

project for the period 2022 to 2043. Both scenarios include the development of the underground

metro system currently under construction and projected growth in vehicles and congestion. The

3ZLWK SURMHFW™ VFHQDULR DOVR LQFOXGHY HPLVVLRQV IURP WK
production of electricity to power the electric trolley buses. Appendix D shows detailed emission

reduction calculation and methodology used.

223. The analysis predicts that between the years 2023 to 2043, project operation will result in
the reduction of pollutant emissions in Jinan City of 53,554 tons of carbon monoxide (CO), 5,830
tons of nitrogen oxides (NO,), 3,157 tons of hydrocarbons (HC), and 169 tons of particulate matter

31 According to Bai, Eisinger and Niemeier (MOVES vs. EMFAC: a comparison of greenhouse gas emissions using Los
Angeles County. Transportation Research Board 2009 Annual Meeting. 15 pp. 2009), CO2 emission factors for both
gasoline and diesel motor vehicles decrease from approximately 500 gm CO2/mi to approximately 250 gm CO2/mi
when vehicle speeds increases from 25 mph to 75 mph, with diesel motors having a slightly lower emission factor
than gasoline motors.

32 prof. Qingyu Zhang, Pollutant Emissions Reduction by Trolleybus Development, 2017.
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(PM). The analysis predicts a very slight increase in sulpher dioxide (SO-) of 15 tons due to coal
fired production of the electricity used by the trolley bus fleet, but this is a very minor increase.
Overall the results indicate that the project will result in reductions in transport sector pollutant
emissions in the Jinan urban area, and associated benefits in terms of human health and well
being.

224. The analysis also predicts a significant reduction in the urban transport related sector
production of carbon dioxide (CO) by 5.2 million tons. Humans have increased atmospheric
concentrations of CO2, a GHG, by more than a third since the industrial revolution began, and
reducing future emissions has a global benefit.

VI.  ANALYSIS OF ALTERNATIVES

225. An analysis of project alternatives was undertaken during the feasibility phase to
determine the most financially and technically feasible way of achieving the project objectives
while minimizing environmental and social impacts.

A. No-Project Alternative

226. The consequences of the ho-project “alternative are a continuation of the current road
congestion situation and other associated transport related air pollution and noise in Jinan City.
Without the project, the urban residents of Jinan City will not benefit from a sustainable transport
system with zero emission modern trolley buses, and will continue to suffer from traffic congestion,
traffic noise, and poor air quality due to tail gas emissions from fossil fuel combustion buses. Jinan
will not have an efficient, convenient public transport system that will reduce the use of passenger
cars and reduce transportation. Jinan City will also lose the benefits of behavioral change with
respect to road safety and traffic management.

227. The daily bus ridership is over 2.1 million in Jinan City, accounting for 32 % of transport
mode share in terms of passenger travel distance. The number of passenger cars is growing and
consequently so is congestion. Buses continue to fight for lanes with other motor vehicles when
getting arriving and departing from stops in congested traffic, resulting in road safety risks and
slower travel time for the passengers. In 2016 there were 250 bus lines running in Jinan City with
a total of 5,640 buses in use, of which approximately 41% were diesel buses, contributing to poor
local air quality. Without the project, transport related air pollution and traffic noise will continue to
increase in future years.

228. With the project, Jinan City will have an extensive, cleaner and sustainable public transport
system. The zero-emission prioritized trolley BRT network will provide a convenient, faster, and
better public transport service so that bus users will increase shifting from passenger car to public
transport. The combination of a reduction in the number of passenger cars, the use of buses with
no tail pipe emission, and no noise modern trolley buses running along rapid bus routes, will
enable residents in Jinan to enjoy a better air and noise environment compared to the existing
situation. In addition, other existing conventional buses running the same corridors as the project
network will benefit in terms of congestion ease, more passengers, and shorter stop-over time by
using the prioritized bus lanes and median bus stations provided by the project. Overall, the
benefits of the project are significant and long-term, and the no-project alternative was rejected.
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B. Bus Type Options

229. Avariety of bus types were considered. Table VI-1 presents fuel efficiency data for various
bus types, either based on actual operation data provided by JPTC or, for trolley buses, data
provided by trolley bus suppliers in the PRC. The results show that modern trolley buses are the
most fuel efficient.

Table VI-1: Fuel Consumption of Various Bus Types in Jinan and the PRC
(12 m long buses)

Bus type Fleet no. in Jinan Fuel consumption Fuel consumption
(2016 figures) (unit/100 km) (toe/100 km)
Electric bus 600 160 kWh electricity 0.0243
Existing trolley bus 121 160 kWh electricity 0.0243
Hybrid CNG bus 213 35 Nm3 CNG 0.0342
Hybrid LNG bus 100 28 kg LNG 0.0370
Hybrid Diesel bus 400 20 L diesel 0.0169
Diesel bus 2200 28 L diesel 0.0237
CNG bus 1121 39 Nm3 CNG 0.0381
LNG bus 590 30 kg LNG 0.0397
Maodern trolley bus (12 m) 0 89 kWh 0.0135

Source: JPTC and ADB PPTA consultant (2017).

230. With respect to carbon dioxide (CO2) emissions and air pollutants, Table VI-2 presents
emission factors based on fuel (energy) and tail-gas measurement. If a comparison is made on
vehicle travel km, a modern trolley bus shows higher CO;, emission due to coal-based power
generation in national grid of the PRC. However, it has zero tail gas emissions, thus significantly
contributing to the improvement of local air quality.

Table VI-2: Emission Factors of Various B us Types in Jinan and the PRC
Emissions Modern

Electric B us Diesel Bus LNG Bus CNG Bus

Trolley B us
Jinan
Unit g/kwh g/kwh g/L Diesel g/kg LNG g/Nm3
CNG
CO2 1237.50 1237.50 2972.75 1270.15 1390.18
Air fuel tail fuel tail
Pollutants based gas based gas
PM 0.233 0 0.233 0 2.155 1.239 0.012
CoO 1.475 0 1.475 0 25.010 543.220 19.232
NOx 1.167 0 1.167 0 36.615 8.217 0.679
VOCs 0.093 0 0.093 0 5.814 11.839 0.256
SOz 0.467 0 0.467 0 0.304 0.333 0.003
PRC
Unit g/km g/km g/km g/km g/km
CO2 1538.9 1980.0 832.4 381.0 542.2
Air fuel tail fuel tail
Pollutants based gas based gas
PM 0.290 0 0.373 0 0.603 0.372 0.005
CO 1.835 0 2.360 0 7.003 162.966 7.501
NOx 1451 0 1.867 0 10.252 2.465 0.265
VOCs 0.116 0 0.149 0 1.628 3.552 0.100
SO2 0.581 0 0.747 0 0.085 0.100 0.001

Source: ADB PPTA team (2017).
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231. Overall, modern electric trolley buses were selected as the best option for energy
efficiency and low emissions.

VII. INFORMATION DISCLOSURE, CONSULTATION, AND PARTICIPA TION

A. PRC and ADB Requirements for Disclosure and Public Consultation

232. Meaningful participation and consultation during project planning, feasibility study, design
and implementation is an important environment safeguards requirement. It can directly reflect
WKH SXEOLFV SHUFHSWLRQV RI HQYLURQPHOQXMDIFAXDOLW\ LQ WK

233. PRC requirements. Public participation and environmental information disclosure
provisions are among the most significant changes introduced in the amended Environmental
Protection Law (2014). The legislative framework also includes decrees on the methods for public
participation in environmental protection (Table II-1, item 20), information disclosure on
construction project EIAs by government (item 22), preparation of EIA summaries for public
disclosure (item 24), and technical guidelines for public participation in EIAs (Table 1I-2, item 9).
The public disclosure and consultation process undertaken during the preparation of the domestic
EIT was undertaken in compliance with the relevant PRC requirements.

234. ADB requirements. $'%fV 636 KDV VSHFLILF UHTXLUHPHQWYV
disclosure and public consultation. Information disclosure involves delivering information about a

proposed project to the general public and to affected communities and other stakeholders,

beginning early in the project cycle and continuing throughout the life of the project. Information

disclosure is intended to facilitate constructive engagement with affected communities and
stakeholders over the life of the project.

235. The SPS requires that borrowers take a proactive disclosure approach and provide
relevant information from environmental assessment documentation directly to affected peoples
and stakeholders. In addition, in order to make key documents widely available to the general
public, the SPS requires submission to ADB for posting on the ADB website as follows:

0] a draft full EIA (including the draft EMP) at least 120 days prior to ADB Board
consideration, and/or environmental assessment and review frameworks before
project appraisal, where applicable;

(i) the final EIA/IEE;

(iii) a new or updated EIA/IEE and corrective action plan prepared during project
implementation, if any; and

(iv) environmental monitoring reports.

236. The SPS also requires that the borrower carry out consultation with affected people and
other concerned stakeholders, including civil society, and facilitate their informed participation.
Consultations should include presentations on environmental impacts, benefits and mitigation
measures, the project GRM, and ADB's Accountability Mechanism. For category A projects, such
consultations should include consultations both at an early stage of EIA field work and when the
draft EIA report is available.
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B. Information Disclosure during Project Preparation

237. Two rounds of information disclosure for the project were conducted as summarized in
Table VII-1.

Table VII-1: Summary of Project Information Disclosure

Imformatlon Date Location Information Posted
Disclosure
Detailed project description
JPTC Bus Company
Round 1 20 January 2017 website Key contacts for more
information
Formal JEPB acceptance of the
EIT report on 7 April 2017
Links to EIT main report and
. : annex
Round 2 7 April 2017 JEPB website

Formal public comment period
07 to 13 April 2017

Contact to make comments

Source: PPTA consultant, JPTC and JEPB websites.

238. The first round was carried out in the early stages of the domestic EIT preparation, with

information including a detailed project scope description and contact details of the PMO, the
GRPHVWLF HQYLURQPHQWDO FRQVXOWDQW DJnan BUK Bompa8 UHOHDYV
website (Figure VII-1).

239. The second occurred when JEPB formally accepted the revised EIT report. An
announcement was posted on the JEPB website on April 7, 2017 with links to the EIT report, and
a formal public comment period was announced from 07 to 13 April, 2017 (Figure VII-2). No
comments were received.

C. Consultation and Participation during Project Preparation

240. Two rounds of consultation and participation were conducted during project preparation
by means of a public consultation forum and a survey questionnaire.

241. Thefirst round was conducted on 15 March 2017 in the form of a public consultation forum

organized by the PMO, JPTC Bus Company and the PPTA consultant (Figure VII-3). Over 60

people attended, including representatives from the affected areas (mainly from communities,

hospitals, schools, government departments, shops and enterprises nearby the proposed

corridors and which might potentially be impacted by dust and noise). The forum discussed the

scope of the project, EIT and IEE preparation, potential environmental impacts and mitigation
PHDVXUHV GXULQJ FRQVWUXFWLRQ DQG RSHUDWLRQIHBDIXX®WH[W V
requirements with an emphasis on the implementation of the EMP and GRM during project
implementation were also discussed.
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Figure VII-3: Public Consultation Meetin, 16 arch 2017

Source: PPTA consultant.
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242. The second round was conducted in the form of a survey questionnaire administered on
16 March 2017 to residents or community committees along the proposed zero emission trolley
BRT corridors and the proposed bus depot sites.

243. Figure VII-4 presents a sample completed questionnaire, Table VII-2 presents a
translated version of the questionnaire, and Table VII-3 summarizes the main questions and
issues raised during the discussion forum and the questionnaire surveys, and the responses from
the JPTC and the EIT domestic environmental consultant.

Figure VII-4: Sample Completed Project Public Consultation Questionnaire

Source: PPTA consultant.
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Table VII-2: Translation of Project Public Consultation Questionnaire
Status of Participants

Name Sex | Age
Nationality Education leve

Contact number| Occupation

Address

Project informatio¢a project summary is provided here, including descriptions of the project, briefly
environmental impact assessment process, most significant anticipated impacts, and proposed mi

Gamd understanding 3URMHFW | Positive effect
Understanding™yjoderate understanding anticipated No effect
of the Project : effect on the
Low understanding local economy | Negative effect
3 U R MHFW positive effect Strongly Agree
anticipated
effect onthe | No effect _ Moderately Agree
local living Attitude to the
standards project Moderately Disagre
Negative effect Strongly Disagree
No opinion

What are the key current environmental issues in your home area?
|[$LU SROOXWLRQ |:DWHU SROOXWLRQ |1RLVH |6ROLG ZDVW

'KDW ZLOO EH WKH SURMHFWYV PDLQ HQYLURQPHQW LPSDF
|1IRLVH |$LU |6ROLG ZDVWH |[:DWHU |['XVW | 7UDIILF 'LVUXSW

Do you feel the proposed construction phase mitigation measures will be effective?
|+LIJKO\ (IIHFWLYH | ORGHUDWHO\ (IIHFWLYH | 1RW (IIHFWL

'KDW DUH WKH SURMHFWTV PDLQ HQYLURQPHQW LPSDFWV
|1IRLVH |$LU |6ROLG ZDVWH |[:DWHU |['XVW | 7UDIILF 'LVUXSW

Do you feel the proposed operation phase mitigation measures will be effective?
|+LIJKO\ (IIHFWLYH | ORGHUDWHO\ (IIHFWLYH | 1RW (IIHFWL

SBURMHFW:-V DQWLFLSDWHG HIIHFW RQ OLIHVW\OH HGXFDW

Effect Lifestyle Education and Learn Work Entertainmen|{ Others
Positive effect

Negative effect

No effect

Suggestions or requirements for the project:

Source: PPTA consultant.

244. In total, 51 survey questionnaires were distributed, and all (100%) were completed and
returned. Of those surveyed, the male to female ratio was 49:51, 41% of participants were more
than 30 years old, and 90% had a high school education or higher. 88% of participants had a
good understanding of the project while the remaining 12% had a moderate understanding; 100%
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anticipated the project having a positive effect on the local economy; and 98% endorsed the
project while the remaining 2% indicated that the project was acceptable. There were no
participants who objected to the project.

245, ,Q WHUPV RI -LQDQYY HQYLURQPHQWDO VWDWXROOXWLEBQ UVRI
-LQDQYV PRVW VLIQLILFDQW HQYLURQPHQWDO LVVXHKWLRIQRUFDYV
solid waste. Almost 50% expressed concerns about traffic disturbance and 29% about dust and

noise impacts during the project construction. Only 39% indicated concerns about adverse

impacts such as traffic disruption or noise during operation. Almost all participants (98%) expected

construction and operation phase mitigation measures proposed in the EIT (and this IEE) to be

effective.

246. In total, 51 survey questionnaires were distributed, and all (100%) were completed and
returned. Of those surveyed, the male to female ratio was 49:51, 41% of participants were more
than 30 years old, and 90% had a high school education or higher. 88% of participants had a
good understanding of the project while the remaining 12% had a moderate understanding; 100%
anticipated the project having a positive effect on the local economy; and 98% endorsed the
project while the remaining 2% indicated that the project was acceptable. There were no
participants who objected to the project.

247. ,Q WHUPV RI -LQDQTY HQYLURQPHQWDO VWDWXFOOXWRLBQ UWRL I
-LQDQYV P Roawernwicah@énital issue, 35% indicated noise, and 33% water pollution or

solid waste. Almost 50% expressed concerns about traffic disturbance and 29% about dust and

noise impacts during the project construction. Only 39% indicated concerns about adverse

impacts such as traffic disruption or noise during operation. Almost all participants (98%) expected

construction and operation phase mitigation measures proposed in the EIT (and this IEE) to be

effective.

Table VII-3: Issues Raised During Public Consultation and Project Proponent R esponses
Project Phase Issues Raised Proponent Responses
Construction Pedestrian and traffic ~ Shorten construction period by speeding up construction
disruptions activities without compromising quality. Ensure road and
pedestrian safety and smooth traffic flow during
construction
Noise from PME On construction sites noise impacts will be controlled

through measures such as selecting equipment with low
noise, adopting sound insulation and absorption material
to set up soundproof sheds, and strictly prohibiting noise
construction activities during noontime (12:00-14:30) and
nighttime (22:00-6:00), so as to ensure the normal life of
nearby residents. If night time construction is needed, the
use of noisy PME will be prohibited, and public notices
will be issued to nearby residents to obtain their consent
before works begin.

Construction dust During the construction phase the spatial extent and
severity of dust impacts will be reduced through a series
of construction dust and spoil transportation mitigations,
such as the spraying of water, establishing fences and
barriers, and requiring transport vehicles to cover loads.

Wastewater The FSR Design Institute has designed a rainwater

discharge collection system for construction site to collect the
surface runoff containing sediment during the rainy
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Project Phase Issues Raised Proponent Responses
season, and to discharge after processing in a
sedimentation tank, which can prevent sediment-
contained waste water from flowing into nearby villages
or shrimp ponds through drainage ditch or surface runoff,
and thereby negatively affecting residents' living
environment and water quality of shrimp ponds. Settling
tanks will also be used for the treatment of construction
waste water, and attention will be paid to water resource
protection of nearby wells.

Operation Vehicle exhaust The project will reduce urban vehicle emissions through
the operation of zero-emission modern electric trolley
buses. In addition, the project will ensure good
environmental management by conducting regular
ambient air quality monitoring.

Source: PPTA consultant.
D. Future Plans for Public Participation

248. Meaningful consultation to safeguard the environment and local residents will continue
throughout detailed design, construction and operation phases, consisting of information
disclosure by the project proponent and posting of project information on community notice boards
and discussion forums. The IA and the PMO will be responsible for organizing the public
consultations, with the support of the LIEC. Consultation will focus on public complaints about
public nuisances from construction and operation activities, such as noise, asphalt fume nuisance,
dust, traffic disturbance, as well as public concerns about the environment and resettlement.

249. The contractors will be required to communicate and consult with the communities in the
project area of influence, especially those near the proposed zero emission trolley rapid transit
corridors. Eye-catching public notice boards will be setup at each work site to provide information
on the purpose of the project activity, the duration of disturbance, the responsible entities on-site
(contractors, 1A), and the project level GRM. Contact information of all GRM entry points and the
PMO will be disclosed on the construction site information boards. The GRM is presented in
summary in Chapter VIl and in detail in the EMP in Appendix 1.

250. Future consultation and participation will also include (i) involvement of affected people
during inspection and monitoring of EMP implementation during construction and operation
phases; (ii) participatory evaluation on the environmental and social-economic benefits and
impacts; and (iii) consultation with the public after the project completion.

251. Project environmental information has, or will be, disclosed as follows: (i) this IEE will be
available for review at www.adb.org; (ii) the domestic EIT (in Chinese) is available on request at
WKH 302 DQG DW - ( RpIMwaEhEpH lgbV.En/; and, (iii) environment progress will be
reported in quarterly project progress reports and annual environmental monitoring reports, which
ZLOO EH GLVFORVHG RQ WK HwHvV#iH I URMHFW ZHEVLWH
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VIIl. GRIEVANCE REDRESS MECHANISM

A. Introducti on

252. A project grievance is an actual or perceived project-related problem that gives ground for
complaint by an affected person (AP). As a general policy, the PMO will work proactively toward
preventing grievances through the implementation of impact mitigation measures and community
liaison activities that anticipate and address potential issues before they become grievances. In
addition, as the project has strong public support and will not involve any involuntary land or
property acquisition or resettlement, significant grievance are unlikely. Nonetheless, during
construction and operation it is possible that unanticipated impacts may occur if mitigation
measures are not properly implemented, or unforeseen issues arise. To address complaints if or
when they arise, a project GRM has been developed in accordance with ADB requirements and
government practices. A GRM is a systematic process for receiving, recording, evaluating and
DGGUHVVLQJ $2FmedglietantesRMhsparently and in a reasonable period.

B. ADB Requirements

253. 7KH $'%fV 636 UHTXLUHVY D SURMHFW WR HVWOEWDWKHD *
UHVROXWLRQ RI $31V FRQFHUQV DQG FRPSODLQWYV DERXW WLIQH SUF
construction as well as operation phase of the project. The GRM should be scaled to the risks

DQG DGYHUVH LPSDFWV RI WKH SURMHFW VKRXOG DGOGURWW DIIHI
promptly, using an understandable and transparent process; should be readily accessible to all

sections of the community at no cost and without retribution; and, should not impede access to

WKH 35&T1V MXGLFLDO RU DGPLQLVWUDWLYH UHPHGLHV

C. Current GRM Practices in the PRC

254. At the national level a framework to address grievance has been established. State

&RXQFLO 'HFUHH 1R 3S56HIXODWLRQV RQ /HWWHUV HRPG ODYQWYV "
mechanism at all levels of government, and safeguards the complainants from any retaliation.
0(3 3'HFUHH 1R (QYLURQPHQWDO /HWWHUV DQG 9GMNOWYHBAVWWH P

establish a system and address environmental complaints. When APs are negatively affected by
project activities, they may complain to the contractors and the project company by themselves
or through their community organizations, or complain directly to local environmental protection
bureaus (EPBS). If the issue is not resolved they may take legal action, though that is typically
considered as a last option.

D. Project GRM

255. The objective of the project GRM is to prevent and address community concerns, reduce
risks, and assist the project to maximize environmental and social benefits. In addition to serving as
a platform to resolve grievances, the GRM has been designed to (i) open channels for effective
communication, including the identification of new environmental issues of concern arising from the
project; (i) demonstrate concern about community members and their environmental well-being;
and (iii) prevent and mitigate any adverse environmental impacts on communities caused by project
implementation and operations. The GRM will be accessible to all members of the community.

256. The GRM approach is to deal with grievances at a local level first in an efficient manner,
and escalate to higher level of authority if the grievance cannot be resolved. The PMO
Environment and Social Officers will be responsible for implementation of the GRM. The PMO will
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be the key contact point for residents, businesses, government departments and other
stakeholders who may require information about the project or who have an issue they would like
to discuss. The details of the GRM, including a time-bound flow chart of procedures, are included
in the project EMP (Appendix I).

IX. CONCLUSIONS AND RECOMMENDATIONS

A. Expected Project Benefits

257. The project will benefit the 3.086 million residents of Licheng, Lixia, Tiangiao, Shizhong
and Huaiyin districts, including both public transport users and residents in general.

0] Once operational, ridership on the trolley bus rapid transit network is expected to
reach 804,000 passengers per day. Users will benefit from an improved and more
efficient service, with on-time performance expected to exceed 90%.

(i) Travelling on dedicated bus lanes will reduce stop-and-go in congested traffic,
allowing the buses and other vehicles to travel at faster and more constant speeds,
improving traffic flow, reducing traffic jams, and providing better road safety and
faster travel times for passengers. This will also result in reduced carbon emissions
per vehicle per mile travelled (see below).

(iii) The provision of a BRT-trolley FRUULGRU ZLOO UHGXFH WUDIILF QRLVE
SURMHFW" VFHQDULR GXH WR L WKH ORZ QRGVHLQDWXU

trolley buses will be travelling more smoothly on dedicated lanes in the center of
the carriageway, instead of the present in-and-out, stop-and-go conditions.

(iv) Universal access for vulnerable users including elderly, disabled, women, and
children will be provided for at least 93 new BRT stations.

(V) An efficient public transport system will reduce the costs of transport in serving the
major districts, industrial sites and transport hubs, and will provide better
accessibility to employment and services in the city. It will enhance economic
growth compared to the existing public transport system.

(vi) Project operation between the years 2023 to 2043 will result in the reduction of
carbon monoxide (CO), nitrogen oxides (NOXx), hydrocarbon, particulate matter
(PM), and carbon dioxide (CO,) are predicted to be 53,554 tons, 5,830 tons, 3,157
tons, 169 tons, and 5.2 million tons respectively. The project will result in significant
and long term reductions in transport sector emissions and GHGs, and associated
benefits in terms of human health and well-being.

B. Adverse Impacts and Mitigation Measures

258. The project will permanently acquire 26.9 ha of land, most of which is state owned though
there will be 1.64 ha acquisition of collectively owned land. Compensation and resettlement will
be implemented which will fully meet applicable PRC and ADB applicable policies and
requirements. The project is not expected to impact any rare or endangered flora or fauna, species
with international, national or provincial protection status, areas of natural or critical habitat, parks,
nature reserves, or areas with special national, regional or local ecological significance within or
adjacent to any of the sites. The project is not expected to impact any physical cultural resources.

259. During construction, dust from construction sites, noise from power mechanical
equipment, wastewater and solid wastes generated on construction sites, and traffic disruptions
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will be primary adverse impacts. Good housekeeping and effective mitigation measures will be
implemented to reduce these impacts to acceptable levels.

260. Impacts during operation include waste generation and traffic safety, and can be mitigated
effectively. Operation of the project will bring overwhelming significant and long term positive
benefits, as described above.

C. Risks and Assurances

261. Risks. The project has no unusual technical risks and conventional engineering designs
with proven reliability and performance will be adopted for all the components. From an environment
safeguards point of view, the main risk relates to the failure of the PMO, IA and IA O&M units to
monitor environmental impacts and implement the EMP during the construction and operation
phases. This risk will be mitigated by (i) providing training in environmental management; (ii)
appointing qualified project implementation consultants, (iii) following appropriate project
implementation monitoring and mitigation arrangements, (iv) ADB conducting regular project
reviews; and (v) project assurances covenanted in the loan and project agreement with ADB.

262. Environmental assurances. The following assurances will be included in the loan and
project agreements.

1. General

263. JMG shall ensure that the preparation, design, construction, implementation, operation
and decommissioning of the project comply with (a) all applicable laws and regulations of the
Borrower relating to environment, health and safety; (b) the Environmental Safeguards; and (c)
all measures and requirements set forth in the IEE, the EMP, and any corrective or preventative
actions (i) set forth in a Safeguards Monitoring Report, or (i) which are subsequently agreed
between ADB and JMG.

2. Provisions in Bidding Documents and Works Contracts

264. JMG shall ensure that all bidding documents and contracts for Works contain provisions
that (a) require contractors to comply with the measures relevant to the contractor set forth in the
IEE, the EMP and the RP (to the extent they concern impacts on the respective affected people
under the Environmental Safeguards and the Involuntary Resettlement Safeguards), and any
corrective or preventative actions set forth in (i) a Safeguards Monitoring Report, or (ii)
subsequently agreed between ADB and JMG; (b) make available a budget for all such
environmental and social measures; and (c) provide JMG with a written notice of any
unanticipated environmental, resettlement or indigenous peoples risks or impacts that arise during
construction, implementation or operation of the Project that were not considered in the IEE, the
EMP and the RP.

3. Safeguards Monitoring and Reporting

265. JMG shall (a) submit annual Safeguards Monitoring Reports to ADB in respect of
implementation of and compliance with Environmental Safeguards, the GRM, the EMP, and the
(OR3 GXULQJ WKH LPSOHPHQWDWLRQ RI KHKHVYXPDHHW D ®'Go YWK BIUR
completion report unless a longer period is agreed, and disclose relevant information from such
reports to the respective affected people under the Environmental Safeguards promptly upon
submission; (b) if any unanticipated environmental risks and impacts arise during construction,



98

implementation or operation of the Project that were not considered in the IEE, and the EMP
promptly inform ADB of the occurrence of such risks or impacts, with detailed description of the
event and proposed corrective action plan; and report any actual or potential breach of
compliance with the measures and requirements set forth in the EMP promptly after becoming
aware of the breach.

4. Labor Standards, Health, and Safety

266. -0* VKDOO HQVXUH WKDW WKH FRUH ODERU VWDQGDMUX DQG
regulations are complied with during Project implementation. IMG shall include specific provisions

in the bidding documents and contracts financed by ADB under the Project requiring that the
FRQWUDFWRUV DPRQJ RWKHU WKLQJV D FRPSO\ ZLW& WKH %
regulations and incorporate applicable workplace occupational safety norms; (b) do not use child

labor; (¢) do not discriminate workers in respect of employment and occupation; (d) do not use

forced labor; and (e) disseminate, or engage appropriate service providers to disseminate,

information on the risks of sexually transmitted diseases, including HIV/AIDS, to the employees

of contractors engaged under the Project and to members of the local communities surrounding

the project area, particularly women. JMG shall strictly monitor compliance with the requirements

and provide ADB with regular reports.

5. Prohibited List of Investments

267. JMG will ensure that no proceeds of the Loan are used to finance any activity included in
the list of prohibited investment activities provided in Appendix 5 of the Safeguards Policy
Statement.

6. Equipment Quality and Safety

268. JMG will ensure that all works, goods, and equipment are procured and used in
accordance with the Government's national technical standards, and that supervision, quality
control and contract management area carried out in a periodic and satisfactory manner. JIMG
will further ensure that the safety standard of the Project equipment strictly follow the relevant
Government laws and regulations.

7. Capacity Building

269. JMG will ensure that all capacity expansion activities in the project area are completed in
a timely manner.

D. Overall Conclusion

270. The project IEE has (i) identified potential negative environment impacts and established
mitigation measures; (ii) assessed public support from the project beneficiaries and affected
people; (iii) established a project GRM; and (iv) prepared a project EMP, including environmental
management and supervision structure, environmental mitigation and monitoring plans, and
capacity building and training.

It is concluded that the project will not result in adverse environmental impacts that are
irreversible, diverse, or unprecedented. Any minimal adverse environmental impacts associated
with the project will be prevented, reduced, or minimized through the implementation of the project
EMP.
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APPENDIX A - EMP
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-XQH

35& 6KDQGRQJ 6SULQJ &LW\ *UHHQ ORGHUQ 7U
'"HPRQVWUDWLRQ 3URMHFW

SUHSDUHG E\ WKH -LQDQ OXQLFLSDO *RYHUQPHQWWRU WKH $VLDQ
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A. Introduction

1, 7KLV LV WKH HQYLURQPHQWDO PDQDJHPHQW QEBIODIQN\(0B HHRY W
ORGHUQ 7UROOH\ %XV '"HPRQVWUDWLRQ 3URMHFW WKHU IS H RRNKRVFS/AX \ |

(1) 2XWSXWHUR HPLVVLRQ EXV UDSLG WUDQVLW %57 QHWZR!
(i) 2XWSXWMRGHUQ WUROOH\ EXV DQG VHUYLFH VWDQGDUGV L
(iii) 2XWSXWUDYHO GHPDQG PDQDJHPHQW 7'0 PHDVXUHV IRU

2. 7KH (03 ZDV GHYHORSHG RQ WKH EDVLV RI RQ DQODRWS WRWE G
UHSRUW )65 SUHSDUHG E\ D GRPHVOWAL P SSHYRYBDG GRWHWWWH HQ Y L
LPSDFW WDEOH (,7 UHSRUW SUHSDUHG E\ WKH =KRAPIPMPERKRC
-LQDQ 'LYLVLRQ WKH GRPHVINGGLWIFRDY XOQDDOWHY XQGHUWDNH
(,7 FRQVXOWDQW XQGHU WKH GLUHFWLRQ RI WHHBWLS QH'$IYHID\R B
WHFKQLFDO DVVLVWPD QEWH3SEYLWMOFRQGXFWHG E\ WKH 337$%$ WHDP
GLVFXVVLRQV DQG DJUHHPHQWYV ZLWK UHOHYDQW JRYHUQPHQW DJ
SHUVRQV DQG VWDNHKROGHUV

3. 7KH REMHFWLYHV RI WKH (03 DUH WR HQVXUH L Q@ MSAEHPHQW
PDQDJHPHQW PHDVXUHV WR DYRLG UHGXFH PLWHEDWEY WG FR
HQYLURQPHQW LPSDFWV LL LPSOHPHQ@WDWQRQLRILPRQRW R BWQRRD
ZLWK WKH 3HRSOHYV 5HSI6RO UMHGH YOKQM)DHYYLURQPHQWDO ODZV
UHJXODWLRQV DQG $' %fV 6DIHJXIBUG 3RQUBD QW]DWH RIQQW UHVSRC
DQG EXGJHWYV DUH LGHQWLILHG IRU (03 H[HFXWLRQ PRQLWRULQJ

4. 7KH (03 LV WR EH LPSOHPHQWHG LQ DOO SKDVHVSWH WKH S
FRQVWUXFWLRQ FRQVWUXFWLRQ DQG RSHUDOWARQOOQQEW KtV BE VED
WKH ', IRU LQFRUSRUDWLQJ PLWLJDWLRIQVFHDNKUBY ZIQWR EMKXSG E
DW WKH HQG Rl WKH GHWDLOHG GHVLJQ NVORMHIHBQ W K HI L$Q%b B X
ZHEV bwthdb.org DQG LQFOXGHG LQ WKH SURMHFW DGPLQLVWUDWLRC

5. 7KH (03 ZLOO EH LQFOXGHG DV D VHSDUDWH OFX@H[QMQ/ D DIOHE L ¢
FRQWUDFWRUY ZLOO EH LQIRUPHG RI RAHK HOLU DREGD WIR VB URQV GMHRIRE
LPSOHPHQWDWLRQ FRVWY LQ WKHLU ELGV IRU SURMHFW ZRUNYV

B. EMP Implementation Arrangements
6. 7KH -LQDQ OXQLFLSDO *RYHUQPHQW -0* ZLOO EHVWK® VHBHLFX

IRU WKH RYHUDOO LPSOHPHQWDWLRQ DQG FRPSOLDQFH ZLWK ORD
HVYWDEOLVKHG D SURMHFW VWHHULQJ FRPPLWWHH

! $'% 6KDQGRQJ 6SULQJ &LW\ *UHHQ ORGHUQ 7UNRHFOM \) HDMWL EHPROVVEHBRUWQ BUW
6KDQGRQJ (QJLQHHULQJ &RQVXOWDQF\ ,QVWLWXWH ODUFK

2 gRQVWUXFWLRQ 3URMHFW (QYLURQPHQWD @ ,(PRS®HF WQ 6 TWIRVD DN QX V 6'KP @ @R QU DU
&RQVWUXFWLRQ XQLW -LQDQ &LW\ 3XEOLF 7UDQVSRUW &RUSRUDWLRQ $SULO

3 7% 35& B6KDQGRQJ 6SULQJ &LW\ *UHHQ ORGHURURWRHFOH\ %XV '"HPRQVWUDWLR


http://www.adb.org/

7. 7KH -LQDQ 3XEOLF 7UDQVSRUWDWLRQ &RPSDQVUHQBF& ,3LOO EF
7KH ,$ ZLOO LPSOHPHQW SURMHFW FRPSRQHQWINQ® &XISSIOLWM MYV DI
EH UHVSRQVLEOH IRU FRQVWUXFWLRQ VXSHUYLVWKDWQBGKHXMDAE LLW\
LPSOHPHQWHG SURDFWLYHO\ DQG UHVSRQGY WR DQ\ DGYHUVH LPES
7KH ,$ ZLOO DOVR DWWHQG WR UHTXHVWYV UDRIRS U0 WKHQ ML \I 11 B
PHDVXUHVY DQG PRQLWRULQJ SURJUDP ,W ZLOO RDRE LHQDW H FEHFGH. G\
VSHFLDOLVWSHWRLMH FRQWUDFWRUV DQG HQVXUH FRPSOLDQFH ZL
VLWH LQVSHFWLRQV LLL FRRUGLQDWH SHWRGQF RPYQURQPH @W
DSSURYHG PRQLWRUYL@FWODY ORFDO HQWU\ SRLQW IRU WKH SL
PHFKDQLVP *50 DQG Y VXEPLW TXDUWHU®DPRQLWRUKEJ,$ HVRC
DOVR DSSRLQW D 3URMHFW ODQDJHPHQW 2IILFH (QBRUP@EHQW D
HQJDJH D ORFDO HQYLURQPHQWDO PRQLWRULRILWRDWQRQ (06 IR

8. 7KH ($ ZLOO HVWDEOLVK D SURMHFW PDQDJHRHGEW®R RMLIEFH BRI
GDWRBD\ PDQDJHPHQW RI WKH SURMHFW 7KHHE0302L 062 GAKR QDWW |
WDNH RYHUDOO UHVSRQVLELOLW\ IRU VXSHUYLVLQPIL WK B WLARD F
PHDVXUHYVY FRRUGLQDWLQJ WKH SURMHFW OHYHOORUYUSYV XEPE VOULHRIED |
E\ WKH ,$ WR $'% 7KH 302 (62 ZLWK VXS SRUIRN IRG HVRHUH/Y@ZODOL BRR U G
VXSSRUW RQ HQYLURQPHQWDO DVSHFWYV LL VXSHUYLVHRBRQW
FRPSDQLHV &6&V DQG WKHLU FRPSOLDQFH ZLWHK WKHSOLD QEHL

LQVSHFWLRQV LY DFW DV 302 HQWU\ SRLQW IR W WIKQH ISWRMAHHFQWV*E
PRQLWRULQJ GDWD SURYLGHG E\ D FRQWUDFWRWXKH Q@6 RWR &WB/&WH
302 DQG YL VXSSRUW 302 ZLWK SUHSDUDWLRQRRIT KCBUSNUHHRIOHY V RW
SURJUHVV UHSRUWYV DQG VHPEBQQWRO IHQYUHBRBWYW(05V

9. 7KH 302 ZLOO HQJDJH D /RDQ ,PSOHPHQWDWLRQ (QYSDJURQPHQ
WLPH QDWLRQDO HQYLURQPHQWDO KHDOWRJBPIGEQWD RHW\RDI/WFU B K
FRQWUDFWRUV DQG WKH SURMHFW FRQVW UX¥MIDRN)L RAK R PZAMHP MR S
HQYLURQPHQWDO PRQLWRULQJ UHSRUWLQJ DQG DWEDMNVBUQY HD C
LBOXGLQJ JULHYDQFHV 7KH /,(& ZLOO DOVR VXSSRUW FQRQYWWBFV
VSHFLILF HQYLURQPHQWDO PDQDJHPHQW SODQV &(03V SULRU WR

10 $ORFDO HQYLURQPHQWDO PRQLWRULQJ VWD IWRQ X Q@H LIW D P F
FRQVWUXFWLRQ DQG RSHUDWLRQ SKDVH DPELHQWW FHYQLYLHMRPW D \R [
WKH HQYLURQPHQWDO PRQLWRULQJ SODQ (0R3 SUHVHQWHG LQ W

11. &RQVWUXFWLRQ FRQWUDFWRUV ZLOO EH UHVSRBVEKOHMVIRU L
GXULQJ FRQVWUXFWLRQ XQGHU VXSHUYLVLRIEGRI WKH FR QWY G DW WHr
SUHSDUH &(03V ZKIRFAVGGHWRDWUDFWRUY ZLOO FRPSO\ ZLWK WKH (
LGHQWLI\ D OHDG IRFDO SRLQW IRU HQY L URHDIPO\W KV DBOQ IGV & DXIHHWV \H2 Ui |
ZKR ZLOO RYHUVHH &(03 LPSOHPHQWDWLRQ WDNH DO®SDEMDRRQDE
FRQVWUXFWLRQ DFWLYLW IGHHW HRQEeKdie rianthly tepo@fér QUbmission

to the IA. Contractors are also UHTXLUHG WR UHSRUW DQ\ VSLOOV DFFLGHQW)\
DQG WDNH DSSURSULDWH DFWLRQ 7KH (QLYHHJIR QPBQ W OVHRDEHV K H D §
IRU GHYHORSLI@D&XBEXSDWLRQDO +HDOWK DQG 6DIHW\ 30DQ 2+63

4 7KH -LQDQ (06 XQGHU WKH -LQDQ (QYLURDIPH®EB R QRW B FWHRBQEY% YKHID Y WR F
HQYLURQPHQW PRQLWRULQJ



12. &6&VZLOO EH UHVSRQVLEOH IRU VXSHUYLVLQJ DQG IXLGLQJ
SURMHFW FRQVWUXFWLRQ SKDVH &6&V ZLOOKKDYH BDTHWO 2L HEH |
ZKR ZLOO EH UHVSRQVLEOH IRU VXSHUYLVLQJ FRQVWUXMRMLRQ FRC
RI (03 DQG &(03V DQG SUHSDULQJ DQG VXEPLWWL®R PRIQW RBORG D
EDVHG RQ WKH &(03V LPSOHPHQWDWLRQ

13. $'%ZLOO FRQGXFW GXH GLOLJHQFH RI HQYLUPQRMDRQVV $XH V (
ZLOO DOVR UHYDIQXD W KIBWHXEPLWWHG E\ WKH 302 DQG ZLOO GLVF
ZHEVLWH ,1 WKH 302 IDLOV WR PHHW VDIHJXDWGV$Wh 2LIOLHFHEW V
FRUUHFWLYH PHDVXUHV DQG DGYLVH WKH ,$ RQ LWHPV LQ QHHG R

14. 7KH SURMHFOWG WKHLU UROHV DQG UHVSRQVLELOLME®H IRU Wk
7KH SURMHFW LPSOHPHQWDWLRQ DUUP.QXHURHTE WPNFKRIUWH LN USHOHHH
WKH 302 (62 DQG /,(& DUHS®WHNHQWHG LQ

7TDEOH $IJHQFLHYVY ,QYROYHG LQ ,PSOHPHQWDWLRQ RI WK}

2UJDQL]DWLR

5ROH DQG 5HVSRQVLELOLW\ IRU WKH (03

6KDQGRQJ 3U -
*RYHUQPHQW -

&RRUGLQDWLQJ DQG RYHUVHHLQJ SURMHF® SUHSDUDW
&RRUGLQDWLRQ RI VWUDWHILF LVVXHV DW UHJLRQDO R
SBURYLGLQJ SROLF\ JXLGDQFH DQG IDWLERIQWDWLRQ GXUL
J)DFLOLWDWLQJ LOQOWHUDJHQF\ FRRUGLQWWALIRK) ZH WK ® B/
IDFLOLWDWH LVVXHV DQG GHFLVLR®Q WPHDTNXLIQUHBW WKH QI

63* )LQDQFH |
63*)%

ORQLWRULQJ WKH XVH RI $'% ORDQ

ORQLWRULQJ WKH LPSOHPHQWDWLRQ R IUWKHKIHRSUORMHEFAW]
&RRUGLQDWLQJ ZLWK WKH H[HFXWLQJ DWXG& H PESCGIRNQ I
WKH FRQWUDFWV WR EH DZDUGHG XQGHU WKH SURMHFV

-LQDQ OXQLFI-

*RYHUQPHQW

7KH ($ DQG SURMHFW FRQWDFW SRLQW IRU $'% 5HVSRQ
2YHUDOO LPSOHPHQWDWLRQ DQG FRPSOWKG®FH Z LMXF C
(OR3 HQYLURQPHQWDO PRQLWRULQJ UHSRUWLQJ DQG
&RRUGLQDWLQJ SURMHFW LPSOHPHQWRWLRIHQ FWHY M
ILQDQFH EXUHDX GHYHORSPHQW DQG HEWL® §RRWIHF
DQG RWKHUYV

-LQDQ 3XEOLI-

7TUDQVSRUWD
&RPSDQ\ -37.

7KH SURMHFW ,$ 0DLQ UHVSRQVLELOLWLHY LQFOXGH

&RQWUDFWLQJ DQG DGPLQLVWHULQJ FRQWUDFWRUV D
6XSHUYLVLQJ FRQVWUXFWLRQ DQG PRQLWRULQJ TXDO
$SSRLQWLQJ D 302 (62

(QJDJLQJ ORFDO HQYLURQPHQWDO PRQRWR QMIIOVRMRIQN
(QJDJLQJ D /,& LQFOXGLQJ D /,(&

(QVXULQJ FRPSOLDQFH3ZLWK (03 DQG

5HVSRQGLQJ WR DQ\ DGYHUVH LPSDFW H H\RDGGWHKERWH
WKHUH DUH DQ\ FKDQJHV LQ VFRSH WKH ,(( (03 ZLOO
5HVSRQGLQJ WR UHTXHVWYV IURP UHOHYDQWPDWHQB W'
PHDVXUHV DQG HQYLURQPHQWDO PRQLWRULQJ SURJUI
,GHQWLI\LQJ DQG LPSOHPHQWLQJ 2 0 DUUDQJHPHQWYV

SURMHFW 0DC-

2IILFH 302

2Q EHKDOI(RIWKKHH302 ZLOO EH UHVSRQVLEOH IRU DOO ¢

LPSOHPHQWDWLRQ DFWLYLWLHV LQFOXGLQJ WKH IROO
8SGDWLQJ ,(( (03 LQFOXGLQJ (OR3 (05 UHSRUWLQJ D¢
(QVXULQJ WKDW PLWLJDWLRQ PHDVXU IG\H WD HOHGE GXE |
(QVXULQJ SURMHFWYV FRPSOLDQFH ZMWKD®@REDQDDIQIX B
UHTXLUHPHQWYV
0DQDJLQJ WKH DFWLYLWLHV Rl WKH GH\WQWE LYW EWR
DFFRUGDQFH ZLWK JRYHUQPHQW DQG $'% UHJXODWLR!
&RRUGLQDWLRQ ZLWK FRQFHUQHG RIILFHV FRQMDFA\D
7DNLQJ SDUW LQ FDSDFLW\ GHYHORSPHQW DQG WUDLC
(VWDEOLVKLQJ DQG RSHUDWLQJ WKH SQRMHFW FRPSO
2YHUVHHLQJ WKH SURMHFW SUR 3$URQPWK}HGLE BW HP HEQ MH
SURMHFEW RXWSXWYV




2UJDQL]JDWLR 5ROH DQG 5HVSRQVLELOLW)\ IRU WKH (03

- ORQLWRULQJ WKH SURMHFW{V SK\VLFRPS 0OIQIQ AH B QWK
UHSRUWLQJ UHTXLUHPHQWYV HQVXULQJ SURNMBFWKEPR
$'% RQ WLPH

- 3UHSDULQJ SURJUHVV UHSRUWSD IR RIXBPRVVLRQ WR \

- &RRUGLQDWLQJ WKH DFWLYLWLHV RI DQG PLHHWALLQ/V WR

/RDQ ,PSOHPt- 7KH /,& ZLOO DVVLVWWRKHN DPPWLY IGDAHY RI WKH SURMHF
&RQVXOWDQW - 'HWDLOHG HQJLQHHULQJ GHVLJQ
- %LG SUHSDUDWLRQ HYDOXDWLRQ DQG FRQWUDFW DZ
- 3URYLVLRQ RI WHFKQLFDO DGYLFH DQG H[SHUWLVH
- ORQLWRULQJ DQG UHSRUWLQJ

/RDQ ,PSOHPt- 7KH /,(& ZLOO
(QYLURQPHQ\V - 5HYLHZ WKH XSGDWHG ,(( DQG (03
&RQVXOWDQW - &RQILUP WKDW PLWLJDWLRQ PHDVXUHV ®DIYGHERHQJI G
- BHYLHZ ELGGLQJ GRFXPHQWYV WR HQVXUH S/KIDWW &H (
- BHYLHZ &(03V WR HQVXUH FRPSOLDQFH ZLWK WKH (03
- 3URYLGH WHFKQLFDO DVVLVWDQFH DQG VXBG RPUWLWRY
PHDVXUHV DQG (03 LPSOHPHQWDWLRQ
- "HOLYHU WKH FRQVWUXFWLRQ DQG RSHILRIWDRY B/HD WH
WKH ,$ 302 DQG FRQWUDFWRUV
- &RQGXFW VLWH LQVSHFWLRQV LQ FRP S GUDMREGIL DUWSO I
- 5HYLHZ UHSRUWYV SUHSDUHG E\ FRQWUDFWRUV BQGLW
VHPLDQQXDO HQYLURQPHQWDO PRQLWRULQJ UHSRUW\

(06 - $ TXDOLILHG ORFDO (06 UHFUXLWHG WR 1 BRQUMPLHREWRW K

&RQWUDFWRLU- (QVXUH VXIILFLHQW IXQGLQJ DQG KXPD @l OHVRXQHPNQW

UHTXLUHG PLWLJDWLRQ DQG PRQLWRULQ W RH DRRQMW ULX

- 3UHSDUH &(03 V SULRU WR WKH FRQVWUXFWLRQ FRPPH

- $SSRLQW DQ HQYLURQPHQW KHDOWK DQG V PISHOMP H-QN
UHODWHG WR HQYLURQPHQW RFFXSDW L R®@DWDLKHID O W K

- (QVXUH KHDOWK DQG VDIHW\

- ,PSOHPHQW PLWLJDWLRQ PHDVXUHV

- $FW DV D ORFDO HQWU\ SRLQW IRU WKH SURMHFW *50

&RQVWUXFWL- (QVXUH VXIILFLHQW IXQGLQJ DQG KXPDQ@QGUHY\RWURRARW LR

VXSHUYLVLRC IRU SURSHU DQG WLPHO\ LPSOHPHQWDWLRQ LR)JUMHIXV Xt

FRPSDQ\ LHV (03 DQG &(03V WKURXJKRXW WKH FRQVWUXFWLRQ SKDVI

- $SSRLQW DQ (+6 RIILFHU WR VXSHUYLVH DQ G +6QR/MLUPHAN

DQG &(03V LPSOHPHQWDWLRQ UHODWHG MW\OFO WR YR Q & Q/FDr
FRQVWUXFWLRQ VLWH

- 3UHSDUH DQG VXEPLW TXDUWHUO\ (03 DQG &(03 PRQLWI

-LQDQ (3% - B5HYLHZ DQG DSSURYH (,7
- 5HYLHZ SURMHFW PRQLWRULQJ UHVXOWYV
- &RQGXFW SHULRGLF PRQLWRULQJ DQG LQVSHFWLRQV
- Conduct acceptance inspections on completion of the project.

$' % - BHYLHZ DQG DSSURYH WKH ,(( DQG (03 DQG GLVFORVH R
- $SSURYH XSGDWHG ,(( (03 LI DSSURSULDWH DQG GLVFOI
- 3URYLGH JXLGDQFH WR WKH H[HFXWLWJ DQG LPSOHPHQ
- &RQGXFWLQJ UHYLHZ PLVVLRQV
- ORQLWRULQJ VWDWXV RI FRPSOLDQFH ZLROKXGRQD VIDQBJ
- 5HJXODUO\ XSGDWLQJ WKH SURMHFW SH U INRINVDDE FHURIY
DQG LPSOHPHQWLQJ DJHQFLHV
- 5HJXODUO\ XSGDWLQJ WKH SURMHFW LGLREPBRWXBB BGWF
LOQFOXGLQJ WKH VDIHIXDUGV GRFXPHQWV

$'% $VLDQ 'HYHORSPHQW %DQN &6& &RQVWUXFW LHR[® F6OVSIHQIY IDVIHRF \& R®B D Q
HQYLURQPHQWDO PDQDJHPHQW SODQ WERRIQHOIYDQRQPHQWRTLRRQIPHQWDO PRQ
(3% (QYLURQPHQWDO 3URASHB FWIUR® YDXQFHDMHGUHVY PHFKDQLVP ,$0*LPSOHPHQW
-LQDQ OXQLFLSDO *RYHUQPHQW /,& QORODWDILPVBOHP&EQWRINQR® SKRHPHQWDWLRQ
&RQVXOWDQW 2 0 RSHUDWLRQ DQG PDLQWHQWQHHLF3D2302UR & H BWRNDHMW HM Q D J
21ILFH (QYLURQPHQW DQG 6DIHW\ 2IILF63F 58KDQH\RONVBORNHQRLBOD@YHUQPHQW
6KDQGRQJ 3URYLQFLDO *RYHUQPHQW )LQDQFH %XUHDX



J)LIXUH SURMHFW ,PSOHPHQWDWLRQ $UUDQJHPHQW

Shandong Provincial
Government

¥

Jinan Municipal Government
Executing Agency (EA)

I
¥
Project Steering
Committee
I
v *
Broiact M t Off Loan Implementation
. _ roj anagement Office C [tants (LIC) includi
Environmental Monitoring - (PMO) including 1A I Ollsnl;nala’rpl(eme}n{gtci;nmg
MR representatives Environmental Consultant
(LIEC)
[y

¥

Jinan Public Transportation Company
(JPTC)
Implementing Agency (14)

Confractors,
Suppliers,
Consultants

C. Potential Impacts and Mitigation Measures

15. SRWHQWLDO LPSDFWV RI WKH SURMHFW GXULQJ HDFPMHSKDVH
PLWLIJIDWLRQ PHDVXUHY GHYHORSHG 6HFWLRBWVRD QWX MW KEH PPN WEWD
PHDVXUHY DUH STOHAVOHOQWHG LQ



7TDEOH SRWHQWLDO ,PSDFWV DQG OLWLIJDWLRQ OHDVXUHYV

Impact Potential . .
ltem FaF():tor Impact and/or Mitigation Measures ImpIEmf_entlng Supervising
ntity Entity
Issues
Detailed Design Stage
Siting Land Loss of land and - Ensure land acquisition issue resolved for bus depots Design Institute PMO, IA
Acquisition assets - Minimize land acquisition for traction power substations on
state owned land.
Design of corridor Health and Promotion of Design must: Design Institute PMO, IA
modification and Safety nonmotorized - Ensure public health and safety.
stations design transport, - Promote nonmotorized traffic.
protection of - Ensure barrier-free design for disabled people.
vulnerable road
users
Landscape Preservation of - &RRUGLQDWH ZLWK -LQDQ /DQGVFD S Design Institute PMO, IA
trees UHORFDWLRQ RI O DRYBI¢Y S iafditramdit H
corridors.
Pre-Construction Phase
Institutional Human Lack of Recruitment, including: IA, PMO EA
strengthening Resources environment - appointment of a qualified Environment and Social Officer
management (PMO ESO) within the PMO by the IA;
capacity within - contracting of an external Loan Implementation
PMO and 1A Environmental Consultant (LIEC) by the IA; and
- contracting of a qualified Environmental Monitoring Station
(EMS) or consultant by the 1A to conduct environmental
quality monitoring
Capacity Building: LIEC, IA, PMO EA
- Prior to the start of construction, the institutional
strengthening and training program will be delivered by
the LIEC (Table 6).
GRM Project Inadequate - The PMO ESO will assume overall responsibility for the LIEC, IA, PMO EA
Affected complaint GRM.
Persons mechanisms - GRM training will be provided for PMO members and
(APs) GRM access points.

- A website will be developed to provide information on the
project and the GRM, the PMO will coordinate with
government 3+ R W @lligkHo the project level GRM, the
PMO will issue public notices to inform the public within
the project area of the GRM, and contact information
(GRM website address, PMO address and telephone
number, PMO contact point email address) for the PMO
and local entry points (e.g., contractors) will be
disseminated at all major access points.

- Maintain D Qupdate a complaints register to document all
complaints.




Impact Potential . -
ltem Fa‘():tor Impact and/or Mitigation Measures Implementing Supervising
Issues Entity Entity
EMP update Revised Out of date EMP Review mitigation measures defined in this EMP and the EIA Institute, IA, ADB
project EMoP, and update as required to reflect detailed design. PMO, LIEC,
detailed Submit to ADB/PMO for approval and disclose updated
design, if EMP on project and ADB website.
needed
Tender documents Various Various $00 (03 REOWIID EWLIRFAMOXGHG LQ WHC 302 /,(& 1A, ADB
DQG ZLOO H[SOLFLWO\ UHIHUHQFH W
Estimated cost for Design and Pre-construction stage: costs are included in the detail design budget
Construction Phase
Good construction site  Soill Spoil erosion $W HDFK FRQVWUXFWLRQ VLWH WKH Contractors PMO, LIEC
practices resources and spoil runoff will be assessed and appropriate storm water
management drainage VI\VWHPV WR PLQLPL]H VRLO H!

LPSOHPHQWHG

Soil removal and filling will be balanced so as minimize

the requirement for fill transportation.

'XULQJ HDUWKZRUNV WKH DUHD RI V
HURVLRQ DW DQ\ RQH WLPH ZLOO E}
SURMHFW DQG FRQVWUXFWLRQ PDQI
Strip and store topsoil in a stockpile for reuse in

restoration.

7THPSRUDU\ VSRLO VWRUDJH VLWHYV |
ZLOO EH LGHQWLILHG GHVLJQHG D
LPSDFWV 6SRLO VLWHV ZLOO EH UH
6SRLO ZLOO EH UHXVHG RQ VLWH Wt
IHDVLEOH DV ILOO

([FHVV VSRLO WKDW FDQQRW EH XVt
WUDQVSRUWHG WR DQ DSSURYHG V¢
6SRLO DQG DJJUHJDWH SLOHV ZLOO
P D W Haod/dp egularly watered

:DVWH FRQVWUXFWLRQ PDWHULDO V
DVSKDOW HWF ZLOO EH SURSHUO\
GLVSRVDO

&RQVWUXFWLRQ DQG PDWHULDO KD(
RU KDOWHG GXULQJ SHULRGV RI UDI
$Q\ SODQQHG SDYLQJ RU YHIJHWDWL
VRRQ DV SUDFWLFDO DIWHU WKH PD
SURWHFW DQG VWDELOL]JH WKH VRL(
2QFH FRQVW thmplselditQrbed surfaces will be
properly revegetated with native trees and grass
&RQGXFW SURMHFW FRPSOHWLRQ D?
GLVSRVDO VLWH UHKDELOLW D WHoR Q
FRQWUDFWRU OLDEOH LQ FDVH RI Q




Item

Impact
Factor

Potential
Impact and/or
Issues

Mitigation Measures

Implementing
Entity

Supervising
Entity

Air quality

Dust (TSP)
during
construction

&RQVWUXFWLRQ ZRUNV ZLOO EH LPES
PDQQHU DORQJ FRUULGRUV WR HQV:
DUHD DUH Rl OLPLWHG GXUDWLRQ
$WWHQWLRQ ZLOO EH SDLG WR GXV)
UHFHSWRUV VXFK DV VFKRROV KRV:!
QDWXUDO DUHDYV

':DWHU ZLOO EH VSUD\HG RQ VLWHYV
IXJLWLYH GXVW LQFOXGLQJ XQSDYH
XQSDYHG KDXO URDGV DV QHFHVVD
7HPSRUDU\ IHQFLQJ ZLOO EH HUHFW
&RQVWUXFWLRQ SLOHV VSRLO DJJI
PDWHULDOV ZLWK WKH SRWHQWLDC
FRYHUHG DQG RU ZDWHUHG LI QHFH
VXFK DV FHPHQW DQG OLPH ZLOO EF
FRQWDLQHUYV

7KH WLPH FRQVWUXFWLRQ DQG GHP
ZLOO EH PLQLPL]JHG E\ UHJXODUO\ U
GLVSRVDO

&RQVWUXFWLRQ DQG PDWHULDO KD
RU KDOWHG GXULQJ SHULRGV RI KLJ
DUH EHLQJ JHQHUDWHG

7ZUXFNV WUDQVSRUWLQJ HDUWK PDW
FRYHUV RU WDUSDXOLQ DQG ZLOO ¢
PDWHULDOV ZLOO EH WUDQVSRUWH(
0XGG\ RU GXVW\ PDWHULDOV RQ SXE
RI ZRUNV DUHDV ZLOO EH FOHDQHG
7UDQVSRUW URXWHV DQG GHOLYHU\
DYRLG GHQVHO\ SRSXODWHG DQG VI
WUDIILF WLPHV

"‘LVWXUEHG VLWHV ZLOO EH UHYHJH'
DIWHU WKH FRPSOHWLRQ RI ZRUNV

Contractors

PMO, LIEC

Noise

Noise from
construction
activities and
vehicles

&RQVWUXFWLRQ DFWLYLWLHV ZLOO
ORFDO DXWKRULWLHY DQG ORFDO F
ZLWK WKH JUHDWHVW SRWHQWLDO V
DUH SODQQHG GXULQJ SHULRGV RI \
OHDVW GLVWXUEDQFH

&RQVWUXFWLRQ ZLOO EH DYRLGHG
EHWZHHQ DQG KRXUV +RZH
WKDW FRQVWUXFWLRQ LQ WKH WURC(
ZLOO RFFDVLRQDOO\ UHTXLUH VRPH
QLJKW WR WDNH DGYDQWDJH RI UHC
DYRLG ZRUVHQLQJ GD\ WLPH WUDIIL

- night time construction work should avoid using
high sound level power equipment; and

Contractors

PMO, LIEC




Impact Potential
Factor Impact and/or
Issues

Item

Mitigation Measures

Implementing
Entity

Supervising
Entity

- nearby residents should be notified of such night
time activities well in advance.
/IRZQRLVH HTXLSPHQW WKDW FRQIRL
VWDQGDUG *% ZLOO EH VHOH
SRVVLEOH
(TXLSPHQW DQG PDFKLQHU\ ZLOO EF
DQG ZLOO EH SURSHUO\ PDLQWDLQH
ODFKLQHV LQ LOQWHUPLWWHQW XVH .
LOWHUYHQLQJ SHULRGY EHWZHHQ Z
PLQLPXP
1RLVH SHUVRQQHO SURWHFWLYH HT
SURYLGHG WR ZRUNHUYV
7TUDQVSRUWDWLRQ URXWHY DQG GH!
SODQQHG GXULQJ GHWDLOHG GHVLJ
DQG VHQVLWLYH DUHDYV DQG KLJK W
9HKLFOHY WUDQVSRUWLQJ FRQVWU>
VORZ GRZQ DQG QRW XVH WKHLU KR
QHDUE\ VHQVLWLYH ORFDWLRQV

Water quality  Pollution of
adjacent water
resources

(IFDYDWLRQV IRU IRXQGDWLRQV RU
OLPLWHG WR P EHORZ JURXQG OF
6XIILFLHQW SRUWDEOH WRLOHWYV ZL
DQG ZLOO EH FOHDQHG DQG GLVFKD
VHZHUDJH V\VWHP RQ D UHJXODU EC
&RQVWUXFWLRQ ZDVWHZDWHU IURP
WHPSRUDU\ GHWHQWLRQ DQG VHWW
WUHDWHG ZDWHU PD\ EH UHF\FOHG
GLVFKDUJHG WR WKH ORFDO VWRUP
SRO\DFU\ODPLGH IORFFXOHQW ZL@O
VHWWOLQJ $00 GLVFKDUJHG FRQVV
WUHDWHG WR WKH DSSURSULDWH 3¢
GLVFKDUJH 'LVFKDUJHG ZDWHU ZLO
-LQDQYV PXQLFLSDO ::73V

$00 QHFHVVDU\ PHDVXUHV ZLOO EH
FRQVWUXFWLRQ PDWHULDOV DQG ZL
ZDWHU ERGLHV
ODLQWHQDQFH RI FRQVWUXFWLRQ H
QRW EH DOORZHG RQ VLWHV WR UHC

Solid waste Construction
and demolition
(C&D) waste
and domestic
refuse

& ' ZDVWHV ZLOO EH UHXVHG RU UHF
SRVVLEOH 7KH H[LVWLQJ SDYHPHQV
WUROOH\ EXV UDSLG WUDQVLW FRUI
DV SDYLQJ PDWHULDOV IRU WKH QH:
& ' ZDVWH GXPSVWHUV ZLOO EH SUR
& ' ZDVWH ZLOO EH FROOHFWHG RQ
OLFHQVHG ZDVWH FROOHFWLRQ FRP
UHF\FOLQJ UHXVH RU GLVSRVDO D\

Contractors

PMO, LIEC




Potential
Impact and/or
Issues

Impact

Item Factor

Mitigation Measures

Implementing
Entity

Supervising
Entity

DFFRUGDQFH ZLWK UHOHYDQW 35& U
UHTXLUHPHQWYV

JLWWHULQJ E\ ZRUNHUV ZLOO EH SU
'RPHVWLF ZDVWH FRQWDLQHUV ZLOC
VLWHV 'RPHVWLF ZDVWH ZLOO EH F
E\ WKH ORFDO VDQLWDWLRQ GHSDU"
UHF\FOLQJ UHXVH RU GLVSRVDO D\
DFFRUGDQFH ZLWK UHOHYDQW 35& L
UHTXLUHPHQWYV

(IFDYDWHG VRLO ZLOO EH EDFNILOO
SRVVLEOH ([FHVV VSRLO WKDW FDQ
WUDQVSRUWHG WR DQ DSSURYHG V¢
7KHUH VKRXOG EH QR ILQDO ZDVWH
LQFLQHUDWLRQ DW RU QHDU WKH V1
&RQWUDFWRUV ZLOO EH KHOG UHVS
DQG GLVSRVDO RI DQ\ VLIJQLILFDQW
DQG FRQWDPLQDWHG VRLOV WKDW L
FRQVWUXFWLRQ

6RLO VXUI
DQG

JURXQGZD\
FRQWDPLQ

Hazardous
materials

+D]DUGRXV PDWHULDOV KDQGOLQJ L
LQFOXGHV VSLOO HPHUJHQF\ UHVSR
LPSOHPHQWHG E\ FRQWUDFWRUYV
$VSLOO UHVSRQVH SODQ ZLOO EH G

- Maintaining a stock of absorbent materials (e.g.
sand, earth or commercial products) on site to deal
with spillages and training staff in their use.

- If there is a spill take immediate action to prevent
entering drains, watercourses, unmade ground or
porous surfaces. Do not hose the spillage down or
use any detergents use oil absorbents and
dispose of used absorbents at a waste
management facility.

- Record any spill events and actions taken in
environmental monitoring logs and report to PMO
and LIEC.

6XSSOLHUV RI FKHPLFDOV DQG KD]D
SURSHU OLFHQVHV DQG IROORZ DOG
UHJXODWLRQV DQG UHTXLUHPHQWYV

Contractors

PMO, LIEC

Protection of
vegetation and
restoration of
disturbed areas

Ecology

&RQVWUXFWLRQ ZRUNLQJ DUHDV ZL
HQFURDFKPHQW DQG GDPDJH WR DG
*UHHQ ODQGVFDSLQJ ZLOO EH LPSO|
FRUULGRUV DQG DW EXV GHSRWYV D(
LQFOXGLQJ UHSODFHPHQW WUHHV D
ORFDO HFRORJLFDO FRQGLWLRQV /
VHOHFWLRQ WR EH GHFLGHG LQ FRC
-/

Contractors

PMO, LIEC




Impact

Potential

ltem Factor Impact and/or Mitigation Measures Implementing Supervising
Issues Entity Entity
- 1R PRGLILFDWLRQ LV DOORZHG ZKH!L
6RSKRUD MDORE@GDMHG DW WKH VRX)\
9 LMHQFHG DQG SURWHFWHG
Physical Destruction of - &KDQFH ILQG SURFHGXUH ZLOO EH F Contractors PMO, LIEC,
cultural cultural relics EXV GHSRWV ZLWK FRQVXOWDWLRQ &XOWXU]I
resources &XOWXUDO +HULWDJH %XUHDX +HULWD.
(PCRs) %XUHDX
Health and Safety Occupational  OHS Planning 7KH FRQWUDFWRUTV (QYLURQPHQW + Contractors, CSC, PMO,
health and GHYHORS DQG LPSOHPHQW DQ 2FFXS| LIEC, IA
safety (OHS) 30DQ 2+63 PDLQWDLQ UHFRUGV FRQ
ZHOIDUH DQG UHJXODUO\ UHSRUW @HX
PLVVHV 7KH 2+63 ZLOO SURYLGH DGHT
WKH KHDOWK DQG VDIHW\ RI WKHLU
QHFHVVDULO\ OLPLWHG WR WKH LWHP
Construction - 6LWHV ZLOO EH HIIHRWILQHOLWOHDULY Contractor PMO, LIEC,
site sanitation SKHQRODWHG ZDWHU ZLOO EH VSUD 1A
QHFHVVDU\
- :DVWHV ZLOO EH UHPRYHG RQ D UHJ
ZLWK ZDVWH PDQDJHPHQW PLWLJDW
- $ FOHDQ DQG VXIILFLHQW VXSSO\ RH
VXSSOLHG WR DOO ZRUN VLWHV $Q
DQG RWKHU VDQLWDU\ DUUDQJHPHQ
ZRUN VLWHY DQG FOHDQHG DQG PDL
LQ DFFRUGDQFH ZLWK ZDWHU TXDOL
DERYH
Occupational - RUNHUV ZLOO EH SURYLGHG ZLWK L[ Contractors PMO, LIEC,
safety WR PLQLPL]H ULVNV LQFOXGLQJ 1A
Safety hats and safety shoes to all construction
workers;
- Safety goggles and respiratory masks to workers
doing asphalt road paving;
- Ear plugs to workers working near noisy PME,
especially during piling works.
Electrical safety - (OHFWULFDO VDIHW\ ULVNV ZLOO EH Contractors PMO, LIEC,
SURWRFROV GHYHORSHG 1A
Traffic safety - 3URYLGH DSSURSULDWH VDIHW\ EDU Contractors PMO, LIEC,
HQVXUH VDIHW\ RI ZRUNHUV RQ URD 1A
OHGLFDO - 5HVSRQVH SURFHGXUHV ZLOO EH GH Contractors PMO, LIEC,
HPHUJHQF\ ZRUNHUVY DQG FRPPXQLW\ PHPEHUYV IA, Health
UHVSRQVH SURMHFW UHODWHG DFWLYLWLHV | Agencies

VIVWHPV DQG SURWRFROV IRU LQWH
UHJLRQDO HPHUJHQF\ UHVSRQVH SU
HTXLSPHQW RQ VLWH FRQWDEW LQI
DPEXODQFH DQG PHGLFDO IDFLOLWL
LQLWLDO RQ VLWH HPHUJH UHVSRQ\




Item

Impact
Factor

Potential
Impact and/or
Issues

Implementing

Mitigation Measures Entity

Supervising
Entity

DQG WUDQVIHUULQJ LQMXUHG ZRUN
KHDOWK FHQWHUV DQG UHFRUG NH
$W OHDVW RQH WUDLQHG ILUVW DLC
HDFK FRQVWUXFWLRQ VLWH

Emergency
response

5HVSRQVH SURFHGXUHYV ZLOO EH GH Contractor
FRPPXQLFDWLRQ VA\VWHPV DQG SUR\
ORFDO DQG UHJLRQDO HPHUJHQF\ U
SURWRFROV IRU VKXWWLQJ GRZQ SF
SURFHGXUHV SURYLVLRQ RI DSSUR¢
HTXLSPHQW WUDLQLQJ IRU ZRUNHU
UHFRUG NHHSLQJ

PMO, LIEC,
IA, EA,
Emergency
Response
Providers

Training

$Q 2+6 PDQXDO ZLOO EH SUHSDUHG
ZRUNHUV DQG WUDLQLQJ ZLOO EH ¢
DVSHFWV RI WKH 2+6 SODQ SULRU W
DQG RQ D UHJXODU EDVLV HJ PRQ’

LIEC, CSCs

PMO, IA

Community
health and
safety

Temporary
traffic
management

$ WUDIILF FRQWURO DQG RSHUDWLR Contractor, local
WRIJHWKHU ZLWK WKH ORFDO WUDIIL traffic police,
WR DQ\ FRQVWUXFWLRQ 7KH SODQ \ PMO
GLYHUWLQJ RU VFKHGXOLQJ FRQVWI

PRUQLQJ DQG DIWHUQRRQ SHDN WU/

DW URDG FURVVLQJV ZLWK DQ HPSK

VDIHW\ WKURXJK FOHDU VLJQV FRQ

DGYDQFH

LIEC, IA

Information
disclosure

5HVLGHQWY DQG EXVLQHVVHV ZLOO Contractor
WKURXJK SXEOLFLW\ DERXW WKH FR
SURYLGHG ZLWK WKH GDWHV DQG G.
GLVUXSWLRQ

PMO, LIEC,
1A

Access to
construction
sites

&OHDU VLIQV ZLOO EH SODFHG DW F Contractor
WKH SXEOLF ZDUQLQJ SHRSOH RI S|
PRYLQJ YHKLFOHV KD]DUGRXV PDWI

DQG UDLVLQJ DZDUHQHVYVY RQ VDIHW

$00 VLWHV ZLOO EH PDGH VHFXUH
PHPEHUV RI WKH SXEOLF WKURXJK |
SHUVRQQHO DV DSSURSULDWH

PMO, LIEC,
1A

Estimated cost for the Construction Stage:

$1.479 million

Operational Phase

Trolley bus rapid
transit corridors

Traffic Safety

Road condition

5HIXODUO\ LQVSHFW DQG PDLQWDLC O&M units
GUDLQV DQG WUROOH\ EXV VXSSRU
FDEOHVY VXEVWDWLRQV HWEF

IA, Municipal
Roads
Department

Road safety and
traffic accidents

$SSURSULDWH WUDLQLQJ RI WUROOI O&M units,
33( Jinan Traffic
6WULFW HQIRUFHPHQW RI WUDIILF O Police
HVSHFLDOO\ VSHHG OLPLWYV

7KH SURYLVLRQ RI ODQHV IRU SHGH
YHKLFOHV

JMG




Impact

Item Factor

Potential
Impact and/or
Issues

Mitigation Measures

Implementing

Entity Entity

,PSURYHG GHVLJQV RI
FURVVLQJV

URDG MXQFW|

Domestic
solid waste

Inappropriate
disposal

%XV VWDWLRQV DQG GHSRWYV ZLOO
JDUEDJH DQG UHF\FOLQJ FRQWDLQH
'RPHVWLF JDUEDJH DQG UHF\FODEO!
UHJXODU EDVLV 5HF\FODEOHV ZLOC
DSSURSULDWH UHF\FOLQJ IDFLOLW\
VDQLWDWLRQ GHSDUWPHQW IRU GL\
ZDVWH ODQGILOO

O&M units,
Jinan Sanitation
Department,
Recycling
companies

IA, JEPB

Hazardous
materials and
waste at bus
depots

New and waste
batteries,
lubricating oll
and grease
(0&G)

KD]DUGRXV PDWHULDOV KDQGOLQJ I
LQFOXGHV VSLOO HPHUJHQF\ UHVSR
LPSOHPHQWHG E\ GHSRW RSHUDWRL
6XSSOLHUV RI FKHPLFDOV DQG KD]D
SURSHU OLFHQVHY DQG IROORZ DOC
35& UHIJXODWLRQV DQG UHTXLUHPHC(
6WRUDJH IDFLOLWLHYV ZLOO EH HVW
IXHOV RLO FKHPLFDOV DQG RWKHU
6WRUDJH IDFLOLWLHYV ZLOO EH HVW
+D]DUGRXV :DVWH 6WRUDJH 3ROOXW
* % ZLWKLQ VHFXUHG DUHDV
VXUIDFHY SURYLGHG ZLWK GLNHV D
GUDLQDJH VWUXFWXUHY DQG LPSRU
VWDQGDORQH VLWH ZLWKLQ HDFK V
GHVLJQDWHG IRU KD]J]DUGRXV ZDVWEF
EDWWHULHYV
/ILFHQVHG FRPSDQLHV ZLOO EH KLQ@®
GLVSRVH KD]DUGRXV PDWHULDOV LQ(
35& UHIJXODWLRQV DQG UHTXLUHPHC(
- Qualified waste battery recycling companies will
collect and recycle used batteries on a regular
basis.
- Qualified companies will collect and properly
disposal waste O&G on a regular basis.

O&M units,
qualified waste
battery and
lubricating ol
recycling
companies

IA, JEPB

Quasi-
groundwater
protection
zone

Pollution
prevention

(PHUJHQF\ VSLOO UHVSRQVH SODQ
5HIJXODU YHKLFOH PDLQWHQDQFH Z1
VDIH EDWWHU\ RSHUDWLRQ

O&M units,
Emergency
Response
Providers

IA, JEPB

Supervising

Estimated cost for the Operational Stage: ~ $0.360 million

ADB = Asian Development Bank; EA = executing agency; EHS = environment, health, and safety; EIT = environmental impact table; IA = implementing agency;
JEPB = Jinan Environmental Protection Bureau; JMG = Jinan Municipal Government; O&M = operation and maintenance; PMO = Project Management Office.



16. 7KH PLWLJDWLRQ PHDVXUHV GHILQHG LQ WZAKH (08 QHPVEB UL
XSGDWHG GXULQJ GHWDLOHG GHVLJQ DQG RWKHU SURMHFW LP
OHFKDQLVPV IRU )HHGEDFN DQG $GMXVWPHQW HIQ WIMQ FRKUFSIRHU D \
DSSURSULDWH FRQVWUXFWLRQ FRQWUDFWYV DQG 2 WRDQ DMWY D
302 XQGHU VXSHUY,SVLRIQ RIIKMVKMLYHQHVYV RI WKHVH PHDVXUHV ZLC
RQ WKH UHVXOWYV RI WKH FRPSOLDQFH LQVSHFWLRQVDXQ®GGHUWD
HQYLURQPHQWDO TXDOLW\ PRQLWRULQJ FRQGXFWHG E\ WKH (06

D. Environmental Monitoring  Plan

17.  $Q (0OR3 ZLOO EH LPSOHPHQWHG WR PRQLW RWD OL H @ XHU R[MPHIIW
LPSDFWV DJDLQVW WKH SUHGLFWHG LPSDHQ@YLURD P WEW DSH (S ILRRMF
PHDVXUHVY DQG FRPSOLDQFH ZLWK UHJXODWLRQV ©DBL DRYHUDOO
¥ QHHG IRU DGMXVWPHQW RI WKH SURMHFW (03 W~KH RUR WHKFHW F
HQYLURQPHQW ZLWKLQ WKH SURMHFWY{V DUHD RI LQIOXHQFH

18. 7 Z Rypes of project monitoring will be conducted under the EMoP: ®

0] EMP implementation monitoring.  To be conducted by the PMO ESO with
support from the LIEC.

(ii) Environmental quality monitoring. To be conducted by the local EMS
(contracted by the IA) involving the collection and analyses of water and air quality
and noise data at designated monitoring locations to assess compliance with
applicable environmental quality and emission standards.

19. ,Q DGGLWLRQ HQYLURQPHQWDO PRQLWRULQJ PRM IDARED EH S
HQYLURQPHQWDO DXWKRULWLHYV

20. $'% ZLOO RYHUVHH (03 FRPSOLDQFH EDVHG RQ L WKH (03
TXDUWHUO\ SURMHFW SURJUHVV UHSRUWYV LL VHEBLD®RWHBOY (L¥iV
GXULQJ $'% UHYLHZ PLVVLRQV JHQHUDOO\ RQFH D \HDU

21. (03 LPSOHPHQWDWLRQ PRIQLS\CRHPHQIWDWLRQ PRQLWRULQJ ZLO
DQ RQJRLQJ EDVLV E\ WKH 302 (62 ZLWK VXISRIROD YHRPHWIKE\/RE I
QHFHVVDU\ GDLO\ LQVSHFWLRQV RI DFWLYH ZRUN VLWHV WR H
UHTXLUHPHQWY )LQGLQJV RI FRPSOLDQFH HQRHFIVQ B QRR DMOUD EW
(QYLURQPHQW +HDOWK DQG 6DIHW\ 2IILFHU DWRG DW&IGH H3O2 DD
QRQFRPSOLDQFH ZLOO EH LPSOHPHQWHG DV VRRQ DV SRVVLEOH E

22, (QYLURQPHQWDO TXDOTLDVECRHRQHWHRUWYIWKH SURMHFW HQYLUF
PRQLWRULQJ SURJUDP LIADYDR®DIQRLNVRISH ORFDWLRQ SDUDPHYV
IUHTXHQF\ RI PRQLWRULQJ GXULQJ WKH FRQVW BXRMLIR® RGE. W iU
GXULQJ FRQVWUXFWLRQ DQG RSHUDWLRQ ILWWE (E6 R UZER Q VEHD WF
FRQWUDFWHG E\ WKH ,$ $W WKH RXWVHW R6l2SZLRWKH ¥ WSISFRSJINH PURPA
/,(& ZLOO XSGDWH WKH HQYLURQPHQWDO KRIQRLRRWRU LIRS URPUDIF
EXGJHWV ZLOO EH LQFOXGHG LQ WKH SURMHF\WVWZHQIBH WD\Q W KR
FRQVWUXFWLRQ DQG RSHUDWLRQ FRQWUDFWYV

5 Q DGGLWLRQ WR SURMHFW VSHFLILKPWQLQGRIBIHIIG MW DEBELARWFRQG RU HQIRU
DV SHU QDWLRQDO UHTXLUHPHQWYV 7KLE\LW KH BNRMME WR DQG QRW IXQGHG



23. 7KH HQYLURQPHQWDO PRQLWRULQJ UHVXOWYV ZLROWPEBFFHRPSD
VWDQGTDEIOH DQG QRQFRPSOLDQFH ZLWK WKHVH VWDQGIUL®V ZLOO
UHSRUWVY ORQLWRULQJ UHVXOWYV ZLOO EH V XERLRQV B GT ED WWKHHU @D\
EDVLV $Q\ QRQFRPSOLDQFH ZLOO EH UHSRUWHGTIX® WKHUO3 SURNUY
SURJUHVV UHSRUWY 'HWDLOHG PRQLWRUDQ® YD X0 EALW R HE 8i0 P
ZLWK WKH VXSSRUW RI WKH /,(RDBEG®H UHSRUWLQJ SODQ LQ

7DEOH (QYLURQPHQWDO ORQLWRULQJ 30DQ

Monitoring
Monitoring o . Frequency Implement- Supervising
Item Parameter Monitoring Location and ing Entity Entity
Duration
Construction Stage
Air TSP, PM2s, 10 existing air quality stations along 24-hr EMS PMO, JEPB
quality NO:2 BRT-trolley bus corridors: continuous
sampling,
compiled
monthly
Noise /IHT G % ¢ 10 locations along BRT-trolley bus 2 times per EMS PMO, JEPB
corridors: day per site

- PRQLWRU RQO\ ZKHQ U (daytime
FRQVWUXFWLRQ DFWLY and night
- QR QHHG WR GR QLJKW time) bi-
DW VFKRRO ORFDWLRQ monthly

Operational Stage (first year)

Air TSP; PM2s 10 existing air quality stations along 24-hr EMS IA
quality CO, NO2 BRT-trolley bus corridors continuous Implementing
sampling, Units, JEPB
compiled
semi-
annually
Noise /HT G% 4§ 10 locations along BRT-trolley bus 2 times per EMS IA
corridors day per site Implementing
(same locations as construction stage, (day time Units, JEPB
no need to do night time monitoring at and night
school locations) time) semi-
annually

Total estimated cost: $ 10,000

EMS = Environmental Monitoring Station; IA = Implementing Agency; JEPB = Jinan Environmental Protection
Bureau; PMO = Project Management Office.

7TDEOH ORQLWRULQJ ,QGLFDWRUYV DQG $SSOLFDEOH 35&

Period Indicator Standard

Construction Air quality Class Il Ambient Air Quality Standard (GB 3095-2012)
Noise limits of PME at Emission Standard of Environmental Noise for Boundary of
boundary of construction site  Construction Site (GB 12523-2011)
Noise at sensitive receptor WHO Class I: Residential, institutional, educational: 55 day
within 35 m of road red line and 45 night
Discharge of wastewater Class | standard of Integrated Wastewater Discharge
from construction sites Standard (GB 8978-1996)

Operation Air quality Class Il Ambient Air Quality Standard (GB 3095-2012)
Traffic noise Noise standard for Category 4a Functional Area in

Environmental Quality Standard for Noise (GB 3096-2008)




E. Reporting

24, (QYLURQPHQWDO TKHISRR®/WQDFWRUV ZLOO VXEPLW PRQWKO\ |
LPSOHPHQWDWLRQ DQG FRPSOLDQFH ZLWK WKH RQ3RDQDB OO OBYL OG
DFFLGHQWY JULHYDQFH UHFHLYHG DQG DSSURSULDWH DFWLRQV

25, %DVHG RQ WKH FRQWUDFWRUVY PRQWKO\ UHSRUWYV DQG WKH
PRQLWRULQJ UHVXOWV WKH &6& ZLOO SUHS DHER U WNUMOHOOX\GH Q ¥ L(
LPSOHPHQWDWLRQ DQG PRQLWRULQJ UHVXGW D QRUS WX EPHIN \3I0RQ W
(62 ZLWK VXSSRUW IURP WKH /,(& ZLOO SUHSDUH D QWQKED®D GO5V IRU
WKH ($ DQG WKHQ WR $'% 7KH UHSRUWYV VKRXO® B\NKHH{OB WRIG SU
35& HQYLURQPHQWDO VWDQGDUGY LGHQWLI\ VDIW LHR@Y LWR & P M QDM
QHFHVVDU\ FRUUHFWLYH DFWLRQV DQG UHIOHFW WKHWRH W&H FRU
FRQWUDFWRUV LQ UHVSHFW RI HQYLURQPH@W ¥Q & PSIOH. IRG FHH Z WaQ
SHUIRUPDQFH RI WKH SURMHFW *50 HQYLURQPHQIMIX QD VIVQGE X\
FRPSOLDQFH ZLWK DOO SURMHFW FRYHQDQWYV

26, S5HYLHZ E\ $% ZLOO UHYLHZ WKH VHPLDQQXDO (05V DQG $'%
WKH SURMHFW SURJUHVV DQG LPSOHPHQWDWLRQ R® VOQW N \DXYH\DH I
LQVSHFWLRQV ZLOO IRFXV PDLQO\VWRKH LP SRHAARWD QYL RID W D W.)
SHUIRUPDQFH LQGLFDWRUV VSHFLILHG LQ WKH B@DPQURRPHQQW
FRPSOLDQFH LPSOHPHQWDWLRQ RI WKH (03 DQ&H®mLYQLU P@REH QW
WUDLQLQJ LLL WKH HQYLURQPHQWDO SHWRH BDD FBIQRE ARQWE BB T
DQG SHUIRUPDQFH RI WKH SURMHFW *50

27. (QYLURQPHQWDO DFFHSWDWRKHQUHSRQYWKQDIWHU FRPSOHWLRQ
\HDU ZLWK SHUPLVVLR® HRQ YW.KRQFEHQWDO DFFHSWDQFH UHSRUW
OLFHQVHG LQVWLWXWH LQ CEAHFIRIDE®EMQARD ZR Y B WRHH BW&&RPSOHWLF
$X G L3 DSSURYHG E\ WKH UHOHYDQW HQ RUWMROP MRWMD® DKM
HQYLURQPHQWDO DFFHSWDQFH UHSRUW ZLOB8QHYVLRD W PG O \WH
PLWLJDWLRQ DQG RI PDLQWHQDQFH DQ®QVRHDYKNG VRLQ G GRER. QLR

LI DQ\ GXULQJ RSHUDWLRQ

28. 5HSRUWLQJ UHTXLUHPHQWADEBOH VXPPDUL]HG LQ



7DEOH (QYLURQPHQWDO 5HSRUWLQJ 30DQ
Phase/ Reports From Reporting
Frequency
Construction Phase
EMP and CEMP EMP and CEMP progress reports Contractors Monthly
progress reports
EMP and CEMP EMP and CEMP compliance inspection EMS, CSCs Quarterly
compliance reports with environmental quality
Inspections monitoring results
Environmental Environmental monitoring report, PMO via IA ADB Semiannual
monitoring reports including EMP, EMoP, GRM (with support
to ADB implementation and monitoring results) of LIEC)
Environmental Environmental acceptance monitoring Licensed JEPB, ADB Within 3
Acceptance report and audit report institute months of
completion of
physical
works
Operational Phase
Environmental EMP progress and monitoring report PMO IA, EA, ADB Annually
monitoring reports (until project
to ADB completion)

ADB = Asian Development Bank, EMS = Environmental Monitoring Station, IA = implementing agency, JEPB =
Jinan Environmental Protection Bureau, LIEC = Loan Implementation Environmental Consultant, PMO = Project
Management Office.

F. EMP Institutional Capacity Building and Training

29. 7KH FDSDFLW\ RI WKH 302

'$ &6&V DQG FRQWOQGFRANRIMW UHYV S

LPSOHPHQWDWLRQ DQG VXSHUYLVLRQ ZL O OGE HQVMWPBHOMHPWHQHQHEG) E
VXSHUYLVLQJ WKH (03 PXVW KDYH D JRRG XQGHWKW Q& MMF R/ WHCH-
HQYLURQPHQWDO REMHFWLYHV PHWKRGV DQG JRRGHSHIPWLFHYV
7KH SURMHFW ZLOO MVDQHQ BN\SHHIQNEDISDIFQ WHQYLURQPHQWDO PDQI
LQVWLWXWLRQDO FDSDFUWL@EQDGLQJ DQG LL

30, ,QVWLWXWLRQDO VWKUHH FDSOHFQWQHY FIQ@KMWR30RRRUGLQDW !
HQYLURQPHQWDO PDQDJHPHQW ZLOO EH VWUHQJWKHQHG WKURXJKk

(i)
(ii)

(iii)

31. 7UDLQL/&H 302 ,$

7KH DSSRLQWPHQW RI TXDOLILHG 302 (62R@ ERPFOXH RQ JO
WKH *50

7KH UHFUXLWPHQW RI D /RDQ ,PSOHPHQWDWLRQD(QYLUR
SDUW WLPH QDWLRQDO HQYLURQPHQWDOO ®HIXB\ER DV GV K
302 LQ PLWLIDWLRQ LPSOHPHQWDWLRQ HQYDOQRBQPHQW
DGGUHVVLQJ DQ\ HQYLURQPHQW UHODWHG LVVXHV WKDW
/[, (& ZLOO DOVR VXSSRUW FRQWUDFWRUV LQ GHYHORS
(QYLURQPHQWDO ODQDJHPHQW 30DQV &(03V SULRU WR F
7KH UHFU XL \lvcaH=Q1B/toR dll€zt and analyze air quality and noise data at

designated monitoring locations to assess compliance with applicable
environmental quality standards during construction.

LQFOXGLQJ 2 0 XQLWV IRU WKHOR@GHUDWL

FRQWUDFWRUV ZLOO UHFHLYH WUDLQLQJ RQXDUIGH WBHMHXBB6 PHQW
GHYHORSPHQW DQG LPSOHPHQWDWLRQ RI HQYLSRQPNQ®X UKD O



FRQVWUXFWLRQ DQG RSHUDWLRQ LPSOHPHQW®DWLRGE VRISW KB IR RA
FRQVWUXFWLRQ (+6 SODQIVEOB ZIKSUWAKFWDREHEH LQFRUSRUDWHG LQ
GHYHORSPHQW 7UDLQLQJ ZLOO EH IDFLOLW DHWHHHGU BAVWKQHG H (& VZ K W/ |
LPSOHPHQWDWLRQ FRQVXOWDQW VHUYLFHYV

G. Consultation, Participation, and Information Disclosure

32 &RQVXOWDWLRQ GXULQJ S bRIMWEWRQSYHSPIUWWHRQ UHSRUW KI
WKH PHDQLQJIXO SXEOLF SDUWLFLSDWLRQ DQGW BQMXD WDWILRQ L |

33. )XWXUH SXEOLF FRQVIOWQ@WLRY SXODILF LQYROYHPHQW GXUL
RSHUDWLRQ VWDJHV KDYH EHHQ GHYHORSHG GXULQJ SURMHFW S
SDUWLFLSDWLRQ LQ L PRQLWRULQJ LPSDFWAKHD R PLWMULIBWLRQ
RSHUDWLRQ VWDJHV LL HYDOXDWLQJ HQYLURFRBQWIPS DRWGV H BF
LILIQWHUYLHZLQJ WKH SXEOLF DIWHU WKH SURMH¥MWY HU F® P/S\CSHIW F
RI SXEOLF LQYROYHPHQW VXFK DV VLWH YLVLWV L§WHUMIVH 2\Q YIHQ/(
SXEOLF KHDULQJV TMEQEGLFDWHG LQ



7TDEOHUDLQLQJ 3URJUDP

. Cost
Training Attendees Contents Times Period  No. of ($/person Total
(days) persons /day) Cost
&ERQVWUXFWLRQ
$'% DQG 35& (+€ PMO, IA, $'%TV VDIHIXDUG SROLF\ V Twice -
ODzZV UHJXODMW contractors BURMHFW DSSOLFDEOH 35¢& once prior to,
SROLFLHYV SROLFLHV VWDQGDUGYV D¢ andonce after
,QWHUQDWLRQDO HQYLURC ongyearof
VDIHW\ PDQDJHPHQW SUDF project
FRQVWUXFWLRQ implementation
,QWHUQDWLRQDO HQYLURC
DQG VDIHW\ PDQDJHPHQW
FLYLO FRQVWUXFWLRQ
,PSOHPHQWDWL PMO, IA, ,PSDFWV DQG PLWLJDWLRCGC Twice -
(03 DQG (OR3 contractors ORQLWRULQJ DQG DXGLWL( once prior to,
5HSRUWLQJ UHTXLUHPHQW and once after
,VVXH RI QRQ FRPSOLDQFH one_yearof
DFWLRQV IRU (03 (0OR3 DQ( project
implementation
Grievance Redress PMO, IA, *50 VWUXFWXUH UHVSRQV Twice -
Mechanism contractors, WLPHIUDPH once prior to,
JEPB 7\SHV RI JULHYDQFHV DQG and once after
DVVHVVPHQW one year of
project
implementation
,PSOHPHQWDWL PMO, IA, 30DQ GHVFULSWLRQV Twice -
FRQVWUXFWLRC(C contractors, 5ROHY DQG UHVSRQVLELOL once prior to,
30DQV JEPB :RUNHU DQG FRPPXQLW\ (+ andonce after
DFWLRQV one year of
project
implementation
2SHUDWLRQ 3KD\
,PSOHPHQWDWL IA, O&M units 30DQ GHVFULSWLRQV Once prior to
RSHUDWLRQ (+€ 5ROHV DQG UHVSRQVLELOL project
:RUNHU DQG FRPPXQLW\ (+ implementation
DFWLRQV
Roads and Traffic IA, O&M units 7UDIILF PDQDJHPHQW DQG Once prior to
project
implementation
Total estimated cost: $30,000

IA = implementing agency, JEPB = Jinan Environmental Protection Bureau, PMO = Project Management Office.



/TDEOBXEOLF &RQVXOWDWLRQ 30DQ

Organizer Format No. of Times Subject Attendees Budget
Construction Stage
PMO Public 4 times: 1 time Adjusting of mitigation Residents adjacent
consultation and  before measures, if to project sites,
site visit construction necessary; representatives of
commences and 1  construction impact; social sectors
time each year comments and
during suggestions
construction
PMO, IA Expert As needed based = Comments and Experts of various
workshop or on public suggestions on sectors, media
press consultation mitigation measures,
conference public opinions
Operational Stage
1A, O&M Public Once in the first Effectiveness of Residents adjacent $1,500
units consultation and  year mitigation measures, to project sites,
site visits impacts of operation,  representatives of
comments and residents and
suggestions representatives of
social sectors
IA, O&M Expert As needed based  Comments and Experts of various $1,500
units workshop or on public suggestions on sectors, media
press consultation operational impacts,
conference public opinions
Total budget: $10,000

O&M = operation and maintenance, PMO = Jinan Project Management Office.
H. Grievance Redress Mechanism

3. 3URMHFW VSHFBISRNRBMHFW JULHYDQFH FDQ EH GHILQHG DV D
SURMHFW UHODWHG SUREOHP WKDW JLYHV JURXQ G7 KRHUU3PR FZA@DL Q \
ZRUN SURDFWLYHO\ WRZDUG SUHYHQWLQJ JULHY DQ PHW MWIRWRLRIK

PHDVXUHV DQG FRPPXQLW\ OLDLVRQ DFWLYLWLHVYWKXBW DR UFIL ¢
WKH\ EHFRPH JULHYDQFHV 7KH SURMHFW KDV VMWHYROQIF 8 X EWH 6 DAXE
WR WKH HQYLURQPHQW ODQG DFTXLVLWLRIQT XODVGHOKN \KIDVQW O H 8 H Q
FRQVWUXFWLRQ DQG RSHUDWLRQ LW LV SRWRFIFEKQHLW WKW RDW QI
PHDVXUHVY DUH QRW SURSHUO\ LPSOHPHQWHG RU XQIRUHVHHQ LV
D SURMHFW VSHFLILF *50 KDV EHHQ GHYHORSHG LQV\DAF@®®GDQ|
JRYHUQPHQW BWD'BWILAHY VIVWHPDWLF SURFHVV IRU UHPHKIG'LQJ U
DGGUHVVLQJ $3fV SURMHFW UHODWHG JULHYDQFHVY WUDQVSDUHOQ\

35, 7KH REMHFWLYH RI WKH SURMHFW *50 LV WR SUHYHXQA DQG D
ULVNV DQG DVVLVW WKH SURMHFW WR PD[LP L]B GHQ Y\WLLURRE WHRQWHILOY
DV D SODWIRUP WR UHVROYH JULHYDQFHV WKH *5® ¥ DR WE HH® F3MIWM
FRPPXQLFDWLRQ LQFOXGLQJ WKH LGHQWLILFDWHRQ RU RWIZQH QY R
WKH SURMHFW LL GHPRQVWUDWH FRQFHUQ DERRWQRNRP® XZHON\ F
EHLQJ DQG LLL SUHYHQW DQG PLWLJDWH D@®RBBXE&UW HHYVQND X RHK
E\ SURMHFW LPSOHPHQWDWLRQ DQG RSHUDWLRQWEHW/KN 50 WK O
FRPPXQLW\

36. 7KH RYHUDOO DSSURDFK RI WKH *50 LV WR GHDO @LMWX JULH"
HIILFLHQW PDQQHU DQG HVFDODWH WR KLJKHU EHYUROVRIOFKWKRU



37. 7KH 302 (62 LV UHVSRQVLEOH IRU FRRUGLQDWIDQD QWK HL DS O H
HVWDEOLVK D *50 XQLW ZLWKLQ WKH 302 ZK IUF K H\LIOGH BV W KEEXN HQ A
JRYHUQPHQW GHSDUWPHQWY DQG RWKHU V\UD/NRRQRDERMUN TKR SD
RU ZKR KDYH DQ LVVXH WKH\ ZRXOG OLNH WR ®LVB¥FOXGHWV KH W K
FRQWUDFWRUV LL WKH ,$ DQG LLL WHKM IRIP ORQGH QKT X RQPMIL
UHVHWWOHPHQW LVVXHV GLITHUHQW VWHSV RIK3 08 &D Y HOIH HQVEW\
SXEOLF QRWLFHV WR LQIRUP WKH SXEOLF ZLWKH G 0¥ KMHQSURW KR W
HQWU\ SRLQWYV SKRQH QXPEHU ID[ DGGUHVV HP DWW RBVWE UMY \D @ G
RWKHU VLWHYV

38. 7KH 302 ZLOO PDLQWDLQ D FRPSODLQWY GDWDEDVH.BQG FRPF
(3% DQG RWKHU UHOHYDQW ORFDO JRYH U QZALHD@®WE 8 HSTEEWR P MQVE VR
DV QHHG EDVLV E\ WKH /,(& DQG LI DSSOLFDEOH D /RDQD@PBOHPF
/,5&

39. 7\SHV RI HQYLURQPHQW UHODWHG JUL FHRYRIQQAHYX FVQICR QH CBLKIL
JULHYDQFHV PLJKW UHODWH WR LVVXHUFVN¥K DR EXDLQHAVEHV
UHVLGHQFHV DQG FRQVWUXFWLRQ GXVW RU QRLVH WX NWHDWLRK
OHYHOV GHOD\V RU WUDIILF GLVUXSWLRQV 2DKEH 30 E P HODILQKQ V
LI FRPSODLQWY DUH HOLJLEOH (OLJLEOH FRP SO DEHUNMDLQKNOWE HV ¥
SURMHFW DQG LL WKH LVVXHV DULVLQJ LQ WKMLBRPSODRWDWD |
VDIHIJXDUGVY ,QHOLJLEOH FRPSODLQWY LQFOXGH WKBWYR MHKHU H

UHODWHG LL WKH QDWXUH RI WKH LVVXHURQRMNQWLE5H WK K DX
DOOHJDWLRQV RI IUDXG RU FRUUXSWLRQ DQG\ §UIRFHIGKWH \R \D K H
PRUH DSSURSULDWH WR DGGUHVV WKH LVVXH &\RPHE ODL FWVOLEBHC
UHFRUGHG DQG SDVVHG RQWR UHOHYDQW DXWKRWKW LFHRWP S,0 DIQQID Q!
ZLOO EH LQIRUPHG RI WKH GHFLVLRQ DQG WKH UHDVRQV IRU UHMF

40. (QYLURQPHQW UHODWAMKG *5H0 ZWBSVEH LPSOHPHQWHG WKURXJF
VWHSV DGYDQFLQJ WR WKH QH[W OHYHO R GQIG\UHW K DUV MWKDHD § H H
OHYHO 1RWH WKDW L DW DQ\ VWDJH HQUWVKH H5D @FRH $8 P DQV OB P
IHHO PRVW FRPIRUWDEOH ZLWK ,I VXFK DDHRZF\WKHDZWOOLD &/\HE Q
LQIRUP DW OHDVW RQH RI WKH OLVWHG LQGLYSEREFEGXRUIHDIMWR
LPSOHPHQWHG DQG LL WKH *50 GRHV UHS G-I VB KR FHREXHU RV H [ D\
HYHQW RI DQ\ JULHYDQFH WKH 302 ZLOO WRPBGHQ WXWDH MWXRW P$ $
XSGDWHG RQ WKH SURJUHVYV

(i) BWHS ,| D FRQFHUQ DULVHV WKH $3 VKRXOG WU\ WR UH\
GLUHFWO\ ZLWK WKH FRQWUDFWRU RU YLD WKH *50 DFF
QHLJKERUKRRG RUJDQL]DWLRQV -(3% GXULQJ WKH FRQ
RSHUDWRU GXULQJ WKH RSHUDWLRQ SKDVH ,I WKH FRQF
IXUWKHU IROORZ XS LV UHTXLUHG 7KH FRQWWBHAWRU (
RSHUDWRU GXULQJ RSHUDWLRQ VKDOO UHFRUGYHQ\ FRP¢
WKH LVVXHV DQG UHSRUW WKH UHVXOWV WR DRUNI@2 ,I Q
GD\V RU LI WKH FRPSODLQDQW LV QRW VDWLVIIHEG ZLWK

SURFHHG WR 6WHS

() 6WHS7KH $3 ZLOO VXEPLW WKH JULHYDQFH WR WKH 30
JULHYDQFH DVVHVV LWV HOLJLELOLW\ DQG UNSRUW EDFN\
WKH JULHYDQFH LV HOLJLEOH SURFHHG WR VWHS



41.

42.

(iii)

(iv)

(v)

BWHS7KH 302 ZLOO LQYHVWLJDWH WKH FRPSODL@N DQG F
RWKHU VWDNHKROGHUV DV DSSURSULDWH LQ DQ@QLDWWHPS'
JLYH D FOHDU UHSO\ WR WKH $3 ZLWKLQ ZRWINR@® JDRIB\V Z
WKH ,$ ZLOO HQVXUH WKDW LPSOHPHQWDWLRQ RI WKH DJ
ZLWKLQ ZRUNLQJ GD\V ,I QR VROXWLRQ LW MOVQIO/RWY G I
ZLWK WKH VXJJHVWHG VROXWLRQ XQGHU 6WHS SURFHH!
6WHS7KH 302 ZLOO LQIRUP $'% DV WR WKH JULHYDQFH D
VWDNHKROGHU PHHWLQJ ZLWKLQ GD\V ZKHQHB W&B UHO|
FRPSODLQDQW WKH ($ ,$ $'% DQG -(3% FDQ GLVFXVV
VWDNHKROGHU PHHWLQJ ZLOO DLP WR ILQG D VROXWLR
UHVSRQVLELOLWLHY DQG DQ DFWLRQ SODQ 7KHRE ZLOO
DJUHHG XSRQ UHGUHVV VROXWLRQ EHJLQV ZLWKLQ ZRU
WKH PXOWL VWDNHKROGHU PHHWLQJ
BWHS,| WKH FRPSODLQDQW LV QRW VDWLVILHG ZLWK WKH
WKH JULHYDQFH ZLOO EH GLUHFWHG WR -0* LTKHD -0* ZL(
KHDULQJ SURFHVV DQG VKDOO GHWHUPLQH D VROXWLRQ
KHDULQJ UHVXOWVY DQ DFWLRQ SODQ VKDOO EH GHYHOR:
LPSOHPHQWDWLRQ RI WKH DJUHHG XSRQ UHGUHVV VROXW
Rl WKH FRPSOHWLRQ Rl WKH KHDULQJ

7KH ILYH *50 VWHSV DUHIXOBXVWUDWHG LQ

$3V ZLOO QRW EH FKDUJHG DQ\ FRVW IRU VXERIOWMRNMQNVDIRU L
LPSOHPHQWLQJ DQ DJUHHG VROXWLRQ ZLOO EH SDHBXE¥LQUKWKSDU
JULHYDQFH 7KH JULHYDQFH SURFHGXUHYV ZLOO UHPDBULURMBPWG W
FRQVWUXFWLRQ DQG XQWLO SURMHFW FORVXUH



Figure 2: Five Step Project GRM
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l. Cost Estimates

43. 7KH HVWLPDWHG EXGJHWYV IRU H@DISWDAEQ WA (BXD O GRRQ L WVMRADLLC
SXEOLF FRQVXOWDWLRQ 7DEB HV&RP@DVW UNFGV LRQ SKDVH FRVWYV DU

RSHUDWLRQ SKDVH PLWLJDWLRQ DQG PRQLWRUULWRW FROMWYV |
&RVWYV IRU PLWLIDWLRQ WR EH LPSOHPHQWHG QE W KR QRDOULIF WIRYUL\O
FROQOWUDFW FRVWYV DQG DUPLOOVWRPRPDWHBGLYFWOHQW WR Rl WKH
Rl WKLV LV DOORFDWHG IRU WKH FRQVWUXFVWKRYHHKIORWDDQ
HVWLPDWHG FRVW |IRU (03 LPSPHPOIQRMDWLRQ LV

44. &RQWUDFWRUV ZLOO EHDU WKH FRVWV IRU DOO PQRMQAXBWQRQ
WKRVH VSHFLILHG LQ WKH WHQGHU DQG FRQWUDMKH GRFREHQMHQ]
LPSDFWV GXH WR WKHLU FRQVWUXFW LR Q RIDPMIOW I/Q HAR Q7LKHR $L DLI
GXULQJ FRQVWUXFWLRQ DQG WKH ILUVW \HQWF RV \RBH\U B XG ROV D QO
DYDLODEOH IRU WKH (06 7KH ,$ ZLOO DOVR EHDEXWHXGLERV\WYGRR
FRRUGLQDWLQJ WKH *50 7KH 2 0 XQLWV ZLOORBHPWDWXHHRNREWWLQ
RSHUDWLRQ H J SURYLVLRQ RI 33( WR EXV GULYHUYV

J. Mechanisms for Feedback and Adjustment

45, 7KH HITHFWLYHQHVYV RI PLWLIJDWLRQ PHDVXUHYV DWIGURKQKWRU
D IHHGEDFN UHSRUWLQJ V\VWHP I GXULQJ FRPSONMWNIFHWLQ®SH
GHYLDWLRQ IURP WKH (03 LV REVHUYHG WHKRQVWEW Z02NVK6 VR G 0 2
-(3% DQG SURSRVH DSSURSULDWH FKDQJHV WR WKH (03 PRQLWRUL

46. $Q\ PDMRU (03 DGMXVWPHQWY ZLOO EH VXEMHFEW %/ RIN% UHY
SXUVXH DGGLWLRQDO HQYLURQPHQWDO DVVHVVPHQM WIQRE LTKPHF
UHYLVHG (03 ZLWK $'% FRQILUPDWLRQ LV ¥YXEZMEVWWHRDYHS RN ¥ 19Q 5
FRPPXQLFDWLRQV SROLF\ UHTXLUHV 7KH UHYLVHEBU@BWARWY HRU
LPSOHPHQWDWLRQ



Table 8: EMP Budget

Construction Phase

1. Ambient Monitoring Unit Unit Cost # Times Cost USD Cost RMB
Air - TSP, SO,, NO, Daily from Jinan EPB stations No Charge Daily No Charge No Charge
Noise Monthly, 10 Locations over 36 months $ 25 360 $ 9,000 ¥61,875
Subtotal $ 9,000 ¥61,875

2. Capacity Building Unit Course Cost # Times Cost USD Cost RMB
Construction Phase EMP Training Development and Delivery $ 12,000 2 $ 24,000 ¥165,000
Subtotal $ 24,000 ¥165,000

3. Public Consultation Unit Total Cost # Times Cost USD Cost RMB
Construction Phase Consultations, Site Visits and Workshops $ 7,000 Various $ 7,000 ¥48,125
Subtotal $ 7,000 ¥48,125

4. Loan Implementation Env. Consultant Unit Monthly Cost # Months Cost USD Cost RMB
Construction Phase LIEC Person Months $ 6,000 18 $ 108,000 ¥742,500

. Cost USD Cost RMB

TOTAL Construction Phase $ 148,000 ¥1.017,500

Operation Phase_ (first 2 years)

1. Ambient Monitoring Unit Unit Cost # Times Cost USD Cost RMB
Air - TSP, SO,, NOx Daily from Jinan EPB stations No Charge Daily No Charge No Charge
Noise Semi-annual, 10 Locations over 24 months $ 25 40 $ 1,000 ¥6,875
Subtotal $ 1,000 ¥6,875

2. Capacity Building Unit Course Cost # Times Cost USD Cost RMB
Operation Phase EMP Training Development and Delivery $ 3,000 2 $ 6,000 ¥41,250
Subtotal $ 6,000 ¥41,250

3. Public Consultation Unit Total Cost # Times Cost USD Cost RMB
Operation Phase Consultations, Site Visits and Workshops $ 3,000 Various $ 3,000 ¥20,625
Subtotal $ 3,000 ¥20,625

4. Loan Implementation Env. Consultant Unit Monthly Cost # Months Cost USD Cost RMB
Operation Phase LIEC Person Months $ 6,000 3 $ 18,000 ¥123,750

. Cost USD Cost RMB

TOTAL Operation Phase $ 28,000 ¥192,500

. . Cost USD Cost RMB
GRAND TOTAL Construction + Operation $ 176,000 ¥1,210,000
&ERQVWUXFWLRQ 3 I1RWHYV
$VVXPHV PRQ | DFWXDO FRQVWUXFWLRQ ZRUNV RYHU WKH \HDU FRQVWUXFWL
$PELHQW PRQLW J EDVHG DFFHVVLQJ RQDAIUQHXDIOU WX PARWW & D WDJ YR P VI RYW LA R
ZLWK DQ HQYLURQPHQWDRUPRQWWARU PR VWRDW._LRIQ RIW@RREHIH B W HWVGHE)\ WLKNHH Y02 (62 DQG
&RQVWUXFWLRQ VH /,(& SDUW WLPH + PRQWKY RYHU FRQVWUXFWLRQ SKDVH
'RHY QRW LQFO FRVWVY IRU PLWLIJDWLRQV WR EH LPSOHPHQWHG E\ FRQWUDFWRUYV
2SHUDWLRQ 3KDVH WHYV
$PELHQW PRQLWRULQJ EDVHG DFFHVVLQJ RQDAIQHXDIOU WX PERWW &8 D WDJ IVY\R B WL R\QW LA
ZLWK DQ HQYLURQPHQWDO PRQLWRULQJ VWDWLRQ VHP LHBDMHEX\MHEG PFRQUKMHR B0 B J 6RI RE V
2SHUDWLRQ SKDVH /,(& SDUW WLPH + PRQWKY RYHU ILUVW \HDU RI RSHUDWLRQ SKDVH



ANNEX 1: DRAFT TERMS OF REFERENCE FOR ENVIRONMENTAL POSITIONS

1. 302 (QYLURQPHOW DOQG 6RFLDO 2IILFHU
A. %DFNJURXQG
1. '"HYHORSPHQW SURMHFWYVY VXSSRUWHG E\ WKH $VLDR®GHYHORSH

D SURMHFW PDQDJHPHQW RIILFH 302 7KH 302 QW PHOQVSRWY VR BOBIC
FRPSULVHVY WKH SURYLQFLDO DQG RU PXQLFLSDO DJHQFMWHWHLQYR
ORDQ DQG SURMHFW DJUHHPHQWY LQFOXGH LPHPH®OWQS\OD/QL R Q3R
ZKLFK LV SUHSDUHG DV SDUW Rl WKH SURMHFW H QI WRKQP FIQMN L F |
JXLGLQJ GRFXPHQW WR PDQDJH PRQLWRU DQGRQHSIRWD & IS CSHRA
,PSOHPHQWDWLRQ RI WKH (03 LV D IXO0 WLPNWLDYM D)W UOWBRYW URHD
WLPH RIILFHU IWKHWVX1 (QROHRQPHQW DQG GRELDOKRVIHFMHURBU2RI
UHIHUHQFH GHVFULEH WKH UHTXLUHPHQWYV IRU WKLV RIILFHU

B. 6FRSH DQG 'XUDWLRQ RI :RUN

2. 7KH RIILFHU ZLOO ZRUN RQ EHKDOI RI WKB33DR & RD®@GS OH PRVORA
ODQG DFTXLVLWLRQ DQG UHVHWWOHPHQW RVWKHV302KH KHI ERNW V¥ IL
LV IRU WKH HQWLUH GXUDWLRQ RI SURMHHWUFRRBWRMAWWRRSHEQDGV

C. 4XDOLILFDWLRQV

3. 7KH RIILFHU ZLOO KDYH L DQ XQGHUJUDGXDWH @GHIWPHORW KL
RU UHODWHG ILHOG LL DW OHDVW \HDUV RPHSMHMURRQEWRLWL @
DQG RU LPSDFW DVVHVVPHQW LLL DELOLW\ W& RRP® XQPPXW HWLHMH
FRQWUDFWRUV DQG JRYHUQPHQW DJHQFLHV LY QEIDOO WH SVHRU WY
Y ZLOOLQJQHVV DQG KHDOWK WR UHJXODUQG YIQV GWI MAKIH @ W RWHDR
DQG YL LGHDOO\ SURILFLHQF\ LQ VSRNHQ DQG ZULWWHQ (QJOLVI

D. '"HWDLOHG 7DVNYV

4. 7KH 30062 ZLOO KDYH D GHWDLOHG XQGHUVWDQGLQJ RI WKH
GRFXPHQWYV LQFOXGLQJ WKH GRPHVWLF HQYLURQ®HRMWHRNLPSGDW\
HQYLURQPHQWDO, (d[DPQ Q DBWERAVMHFW HQYLURQPHQWDO DVVXUDQFHV
IROORZLQJ WDVNYV

(i) $VVHVV ZKHWKHU WKH (03 UHTXLUHV XSGDWLQJ GXH WR D
ZKLFK PD\ KDYH RFFXUUHG DIWHU WKH (03 ZDV SUHSDUHG

(ii) 'LVWULEXWH WKH &KLQHVH ODQJXDJH YHUVLRE@VRI WKH
LQFOXGLQJ WKH LPSOHPHQWLQJ DJHQFLHV 7KLV VKRXOG
FRQVWUXFWLRQ EHJLQV

(i) &RQGXFW PHHWLQJV ZLWK DJHQFLHV DV QHFHVVDU\ WR
VSHFLILF UHVSRQVLELOLWLHY GHVFULEHG LQ WKH (03

(v (QVXUH WKDW UHOHYDQW PLWLJDWLRQ PRQLWRULQJ DC
DUH LQFOXGHG LQ WKH ELGGLQJ GRFXPHQWYV FRQWUDFW

(v &RQILUP WKDW WKH LPSOHPHQWLQJ DJHQFLRQRHYSRQVL
PRQLWRULQJ GHVFULEHG LQ WKH (03 XQGHUVWRIQKE WKHL
PRQLWRULQJ LQ D WLPHO\ IDVKLRQ
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(vi)

(Vi)

(viii)
(ix)

(x)
(xi)

(xii)

(xiii)

$W OHDVW PRQWKVY EHIRUH FRQVWUXFWLRQ EHJLQV HV\
JULHYDQFH UHGUHVV PHFKDQLVP *50 GHVFULEHG LQ WK
SUHSDUDWLRQ RI D VLPSOH WDEOH DQG EXGJHW LGHQWL!
PDWHULDOV QHHGHG WR LQIRUP ORFDO FRPPX@HWLHV DE
DQG VFRSH Rl FRQVWUXFWLRQ E GHVLJQ SUHSDUH DOQC
SODQ DQG FRQGXFW WKH FRPPXQLW\ PHHWD@IVSXEOSBHS
FRPSODLQWY G SUHSDUDWLRQ RI D VXPPDU\ WDEOH WR
GDWHV LVVXHV DQG KRZ WKH\ ZHUH UHVROYHG DQG
DIJHQFLHV LQFOXGLQJ FRQWUDFWRUV XQGHUVWDQG WKF
3ULRU WR FRQVWUXFWLRQ HQVXUH WKDW WKH LPSOFH
FRQWUDFWRUV KDYH LQIRUPHG WKHLU SHUVRQQHO LQFC
WKH (03 UHTXLUHPHQWY 7KLV ZLOO LQFO X GWRDLOPGS PEWY J L
WR DLU ZDWHU QRLVH VRLO VHQVLWLYH VLWRIWNHGEROF
DQG FRPPXQLW\ KHDOWK DQG VDIHW\ UHVSHFWIXO EHKD
ORFDO FRPPXQLWLHVY DQG UHVSRQGLQJ WR DQG UHSRUW
6XSSRUW FRQWUDFWRUV LQ GHYHORSLQJ FRQVWUIXFWLR
QHHGHG DQG DSSURYH &(03V

'XULQJ SURMHFW FRQVWUXFWLRQ PDNH U HIK®WDWLLRAH Y
HQYLURQPHQW FRQVXOWDQW /,(& WR DVVHVV SURJUHVYV
ORFDO FRPPXQLWLHV DQG DVVHVV FRPSOLDQFH ZLWK WK
(QVXUH WKDW DOO UHOHYDQW DJHQFLHV VXRPPWWIHRQLUF
LQFOXGLQJ HQYLURQPHQWDO PRQLWRULQJ DQG UHSRUWYV
&RPSLOH UHYLHZ DQG VWRUH HQYLURQPHQWDO SU]
LPSOHPHQWDWLRQ DJHQFLHV UHFRUGV RI DQ\ JULHYDOQ
LVVXHV ODLQWDLQ GLJLWDO FRSLHV RI DOO LQIRUPDWLR
VXPPDU\ WDEOHV LQ GLJLWDO IRUPDW H J RRRKIVU® QVIH
FRS\ IRUPV (QVXUH WKDW DOO LQIRUPDWVRNHPV EBVFRUHHEC
XS DQG FDQ EH HDVLO\ UHWULHYHG

3UHSDUH TXDUWHUO\ SURJUHVV UHSRUWYV IRG& WHKEPLVVLR
DQQXDO HQYLURQPHQW SURJUHVV UHSRUWWR EEWKBIOI R
'$ WR $'%

‘RUN FORVHO\ ZLWK WKH 302 LPSOHPHQWDWLRQ DJHQ
FRQVXOWDQWY DQG RWKHU DJHQFLHV DQG SHUVRQQHO
WDVNYV

E. SHSRUWLQJ S5SHTXLUHPHQWYV

5. (03 LPSOHPHQWDWLRQ VHFWLRQ XQGHU TXDUWHUO\ SURMHFW
HQYLURQPHQW PRQLWRULQJ UHSRUWV (05V XVLQJ D WHPSODWH

F. /IRILVWLFDO 6XSSRUW 3URYLGHG E\ WKH 302 DQG 302 (62 WR W

(i)

(ii)

SBURYLVLRQ RI KDUG DQG VRIW FRSLHV RI WIK@GS 85BRMHABW (
HQYLURQPHQWDO UHSRUWY [IHDVLELOLW\ UHMPGE\QWNSRU'
PDSV DQG RWKHU VXSSRUWLQJ PDWHULDOV DV QHFHVYV
LPSOHPHQW WKH WDVNYV

O9HKLFOH WUDQVSRUW RIILFH PDWHULDOV DIN@G\R\WWKHU O
WKH /,(& WR YLVLW WKH SURMHFW FRQVWUXFWLRQGVLWHYV
FRQGXFW PHHWLQJYV DQG SUHSDUH DQG GLVWULEXWH FR



2. /IRDQ PSOHPHOWDWLRO (QOYLURQPHQWDO &RQVXOWDQW /,(&

A. %DFNJURXQG

6. 7KH SURMHFW ZLOO EH FRRUGLQDWHG E\ D 302X@KRVH RY
LPSOHPHQWDWLRQ RI WKH SURMHFW (03 7KH ORDX® WPRWH P/H@W DMC
VXSSRUW WKH 302 WR LPSOHPHQW WKH SURMHT30 (03 LQFOXGLQJ

B. 6FRSH DQG 'XUDWLRQ RI :RUN

7. 7KLV SRVLWLRQ FRXOG EH D ILUP RU DQ LW QLY D@XIDO@GHQ DX
SRVLWYQBY QRW SDUW RI WKH 302 JRYHUQPHQW VANFWDO\7WR W3HHF B DX
DQRG FRQVXOWLQJ ILUP LI WKH LOQGLYLGXDSRMIWERG Q\H QDM GV E
WKH HQWLUH GXUDWLRQ RI SURMHFW FRQRWHXFWILRQ D®&EG W(KHVIKI
EH UHFUXLWHG DV VRRQ DV SRVVLEOH DIWHU ORDQ HIITHFWLYHQHYV

C. AXDOLILFDWLRQV

8. 7KH VSHFLDOLVW ZLOO KDYH L DQ XQGHUJUDGXWIHNG® GHJL
PDQDJHPHQW RU UHODWHG ILHOG LL DWLOGMBN W QH G UR Q¥VH-
PDQDJHPHQW PRQLWRULQJ DQG RU LPSDFW DVVHSURMGWW LL
PDQDJHPHQW UHTXLUHPHQWY DQG QDWLRQDO HQYLURQWH@\WRDO P
FRPPXQLFDWH DQG ZRUN HIIHFWLYHO\ ZLWK ORFDO FIRPHPXRLLHWLH V
Y DELOLW\ WR DQDO\]H GDWD DQG SUHSDUH W BPKWXKL MR UHIXRUDM
YLVLW WKH VXESURMHFW VLWHV DQG YLL LYWKRILFLHQF\ LQ VSRNF

D. 7TDVNV

9. "RUNLQJ FORVHO\ ZLWK WKH 302 (62 WKH /,(& ZLOO GR WKH IR
%YHIRUH FRQVWUXFWLRQ

(i) (QVXUH D DOO ELG DQG WHQGHULQJ GRFXPKIQ\W\ LQFOXG
DQG E UHOHYDQW VHFWLRQV RI WKH (03 DUH LQFRUSRUI

() B6XSSRUW FRQWUDFWRUV LQ GHYHORSLQJ FRQVWUXFWI
PDQDJHPHQW SODQ &(03V ZKLFK QHHGV WR EH FRQIL!
LPSOHPHQWHG E\ FRQWUDFWRUV

(i) $VVLVW WKH 302 WR LPSOHPHQW WKH *50 LQF@WXGLQJ D
*50 DQG E FROODWH DQG HYDOXDWH JULHYDQFHV UHFH

(v 'HYHORS SURFHGXUHV WR D PRQLWRU (03 DQG &(03V LF
EFROODWH DQG HYDOXDWH GDWD FROOHFWHG LQ WKH
SURJUDP DQG F SUHSDUH DQG VXEPLW (03 LPSOHPHQWD
SURMHFW SURJUHVV UHSRUWV DQG VHPLDQQXDO HQYLUTF
SURMHFW FRPSOHWLRQ UHSRUW

'XULQJ SURMHFW LPSOHPHQWDWLRQ

(i) 6XSSRUW WKH 302 (QYLURQPHQW DQG L6R FMLIOHOL B I MLBNM NV 30
RYHUDOO DLP LV WR UDLVH WKH 302 (62fV FDSDFLW\



(i)
(iii)
(iv)

(v)
(vi)

LQGHSHQGHQWO\ DFKLHYH WKH WDVNV LQ WKHLU WHUPYV
$FFRPSDQ\ WKH 302 (62 RQ YLVLWV WR WKH SURMHFW FI
SURJUHVV DQG FRPSOLDQFH ZLWK WKH (03

$VVLVW LQ WKH RQJRLQJ SXEOLF FRQVXOWDWLRQ SURFH\
&RQGXFW (03 FRPSOLDQFH DVVHVVPHQWV LGHQWLI\ I
LPSOHPHQWDWLRQ LVVXHV DQG SURSRVH QHFHVVDU\ Ul
SODQV

8QGHUWDNH WUDLQLQJ RI SURMHFW DJHQFLHV DV UHTXLL
$VVLVW WKH 302 WR SUHSDUH TXDUWHUO\ DQG VHPLDQQ
SURJUHVV UHSRUWYV



APPENDIX B - Site Details of Bus Depots and Traction Substations

7TDEOH 6LWH &RQGLWKXKRG'S DW /LLVRIDWO H\ %

1R

(FRORJ\

1DPH $HULDO 9LHZ 6LWH 9LHZ

'DZHL 'HS

6LWH LV SDYF
H[LVWLQJ YH:
RU FULWLFDO

_ 6LWH LV SDYF

C 4(3(\/[\’/8'UXFK HILVWLQJ YH:
: RU FULWLFDO

_ 6LWH LV SDYF

C .6|_\|NVDWWE[R)’I(_J HILVWLQJ YH:
RU FULWLFDO

6LWH LV SDYF

(' <DRMLDIK H[LVWLQJ YH.
RU FULWLFDO

M 6LWH LV SDYF

. -LQD :
( BQQLYQHUW H[LVWLQJ YH:

RU FULWLFDO




1R 1DPH $HULDO 9LHZ 6LWH 9LHZ (FRORJ\

: . 6LWH LV SDYF
(' :LQ[LOXNR I’ . e HILVWLQJ YH:
. R B St RU FULWLFDO

SXEOLF 6LWH LV SDYF
. 7UDQVSR .
( H[LVWLQJ YH:
IRFDWLR RU FULWLFDO
+LIK 6FKI
6LWH LV SDYF
& SLXTX H[LVWLQJ YH:
RU FULWLFDO
6LWH LV SDYF
0,
1 ZSVQDJWT_'E HILVWLQJ YH!
RU FULWLFDO
+XDQJJID ! 6LWH LV SDY}F
1 %XV 3DU H[LVWLQJ YH:

/IRW RU FULWLFDO




1R

1DPH

$HULDO 9LHZ

(FRORJ\

BKHQJOL
3URYLQF
+RVSLWD
6WDWLRQ

-LDQJVKXL
6WDWLRQ

6LWH 9LHZ

6LWH LV SDYF
ODQG ZLWK Q

| YHJHWDWLRQ

KDELWDW

6LWH LV SDYF
ODQG ZLWK Q
YHIHWDWLRQ
KDELWDW

| 6LWH EDUH O

VRPH UHFHQW
QRFEULWLFDO ¢

6LWH LV SDYF
HILVWLQJ YH!
RU FULWLFDO

1

-LOXROR

6LWH LV ZDVYV
ZLWK ORZ YD
YHIHWDWLRQ
FULWLFDO KD




1R 1DPH $HULDO 9LHZ 6LWH 9LHZ (FRORJ\

6LWH LV ZDVYV
ZLWK ORZ YD
® YHIHWDWLRQ
FULWLFDO KD

1 +DQ\X 6W

1RWH (' ([LVWLQJ '"HSRW 1 1HZ '"HSRW

7TDEOH 6LWH &RQGLWLRQV DW 7UDFWLRQ 6XEVWDWLF

Owne
. rship Area ;
No. Location Statu  (m2) Site Photo Ecology

S

+ 4LQIJGDROX %HL\XDQGD
*RQJ\HEHLOX

7\SLFDO |
FRUULG
ODQGVFD
VRPH VPI
400m southwards from state- WUHHYV
1 Qizhou Road of Qingdao owned 80
Road land
7\SLFDO |
FRUULG
ODQGVFD
VRPH VPI
100m eastwards from state- WUHHV
2  Weifang intersection of owned 80
Qingdao Road land
8QGHUSD
ODQGVFD

100m eastwards from state-
3 . . owned 80
Huanggang intersection land




Owne

. rship Area ;
No. Location Statu  (m2) Site Photo Ecology
S
8QGHUSD
ODQGVFD
80 m westwards from West state-
4  Gongshang River owned 80
Intersection land
8QGHUSD
ODQGVFD
. state-
5 140m from west of Shuitun owned 80
Road
land
8QGHUSD
ODQGVFD
. state-
6 3_40m fr_om west of kiln owned 80
ditch bridge
land
7\SLFDO 1
FRUULG
ODQGVFD
Qilu Pharmaceutical state-
7  Factory at Gongye North owned 80
Road land




Owne

No. Location rSStgltF:j '(A‘r;%? Ecology
S
7\SLFDO
FRUULG
ODQGVFD
state-
land
7\SLFDO
FRUULG
ODQGVFD
FXUUHQ'
9 East side of Ledong ztl?/l;id 80 GLVWXUI
Exercise Center |
and
7\SLFDO
FRUULG
ODQGVFD
FXUUHQ'
Jigang (#21, Gongye North state- GLVWXU|
10 Road) ' owned 80
land
$ERQGRQ
7\SLFDO
FRUULG
at ODQGVFD
state- JUDVVHYV
11  Guodian flyover owned 80 VKUXEV

land




+ 1DQ[LQ]KXDQJ -LQJTLOX /RX\XDQ -LHIDQJOX *RQJ

TR 7\SLFDO |
¢ FRUULG
ODQGVFD
Qinglongshan long- state-
12 d . owned 80
istance passenger station
land
7\SLFDO |
FRUULG
ODQGVFD
L . state-
13 Vicinity of Nanxinzhuang owned 80
bus stop |
and
7\SLFDO 1
FRUULG
ODQGVFD
state-
14  Provincial prison dormitory owned 80
land
7\SLFDO 1
FRUULG
ODQGVFD
L state-
15 Blank land in vicinity of owned 80

tobacco logistics center
land




H3. Erhuan West Road

7\SLFDO |
FRUULG
ODQGVFD
300m southwards from state-
16  Meili road of Erhuan West  owned 80
Road land
8QGHUSD
ODQGVFD
state-
17 Kuangshan Steel Market owned 80
land
8QGHUSD
ODQGVFD
200m northwards from state-
18 Jingliu Road of Erhuan owned 80
West Road land
7\SLFDO |
FRUULG
ODQGVFD
Joint Logistics Department  state-
19 of military region of Erhuan owned 80
West Road land
7\SLFDO |
FRUULG
1000m north of the ODQGVFD
intersection of south
. ) state-
extension section of west
20 . owned 80
ring 2 road and state way land

104




V5. Aotizhonglu

7\SLFDO 1
FRUULG
ODQGVFD
100m southwards from state-
21 Yangliu Road of Aoti owned 80
Middle Road land
7\SLFDO 1
FRUULG
ODQGVFD
250m southwards from state-
22 Tianchen Road of Aoti owned 80
Middle Road land
V4. Erhuandonglu
%DUHQ O
state-
23 Yangjiazhuang intersection owned 80
land
7\SLFDO 1
FRUULG
ODQGVFD
CNPC 25 Gas Station state-
24 (Jinan Red-cross owned 80
Ophthalmic Hospital) land
7\SLFDO 1
FRUULG
ODQGVFD
300m northwards from state-
25 gate of Diequan mountain  owned 80
villa of open sea land




7T\SLFDO |

FRUULG
ODQGVFD
. state-
26 Shandong Ele.ctrlc Power owned 80
Research Institute
land
7\SLFDO 1
FRUULG
ODQGVFD
Vicinity of south campus state-
27 zone of Shandong owned 80
University land
7\SLFDO |
FRUULG
ODQGVFD
South of Lvyou Road state-
28 intersection of the Erhuan owned 80
East Road land
V3. Lishan
7\SLFDO |
FRUULG
ODQGVFD
- . . state-
o9 V_|C|n|ty of railway bridge of owned 80
Lishan Road
land
V1. Erhuan East Road
7\SLFDO |
FRUULG
ODQGVFD
Central green land in state-
30 opposite to Shimen gas owned 80

station land




7T\SLFDO |

FRUULG
ODQGVFD
state-
31 ﬁ\?tgger::ct)igzwards of Park owned 80
land
7\SLFDO 1
FRUULG
ODQGVFD
state-
32 a2e5r2i:ot;t;:/l\]/ards of owned 80
Peing land
V2. Weishier Road
7\SLFDO 1
FRUULG
ODQGVFD
. . state-
Vicinity of fruit wholesale
33 market of Dikou Road owned 80
land
7\SLFDO
FRUULG
ODQGVFD
state-
34 gaita?gor of Harmony owned 80
q land
7\SLFDO |
FRUULG
ODQGVFD
state-
35 Quanjin Wolong Park owned 80

land




7\SLFDO |
FRUULG
ODQGVFD

state-
36  Vicinity of Jiuqu parking lot owned 80
land
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1. INTRODUCTION AND OVERVIEW OF THE PROJECT AND CLIMATE RISKS TO THE
PROJECT

1.1 Description of the Project:

1, JURP WKH 3URMHFW 'DWD 6KHHW 7KH 6KDQGRQJ 6SULQJ &L\
'HPRQVWUDWLRQ 3URMHFW WKH 3URMHFW LV R&5 GH DIQILERHG ORP
LPSURYH WKH XUEDQ WUDQVSRUW HQYLURQPHQW QW URGRPW DRE R
D PRGHUQ WUROOH\ V\VWHP LV LQWHQGHG WR UHGSER MHHFEMY V LF
SUHSDUDWRU\ WHFKQLFDO DVVLVWDQFH 337$%$ LV EHQO FLRGXF
HFRQRPLF VRFLDO DQG HQYLURQPHQWDO YLDELB LW\ ERIQWPRE E0RWM
VWUDWHJILHV IRU WKH FLW\ WR EH LP SDX\P N QWWHP WRJIHH \R X WG RZR M/
SURMHFW ZLOO EH HQKDQFHG VXVWDLQDEOH XUEDQFPREKD LDMGZLV
D JHUR HPLVVLRQ WUROOH\ EXV QHWZRUN

1.2 Background (verbatim from Project Data Sheet):

2. -LODQ LV WKH FDSLWDO Rl WKH 6KDQGRQJ SURYLQ¥RXWRKFDWH
RI %HLMLQJ DQG NP IURP WKH HDVW FRDNWROYPGQ Q@WRUBFFAR
DGPLQLVWUDWLYH HFRQRPLF DQG WUDQVSRUWDWORRQF BQW HQ
DYHUDJH DQQXDO *'3 SHU FDSLWD RI LQ G’ KIS FL QO BDW I HPL
WR WKH VRXWKZHVW HDVW DQG QRUWK ZLWK GRQHFMR XIQXW L \DGLYRHA
FLW\ DQG WKUHH FRXQWLHV ,W KDV D VSHFLDO UHPRORILERPD VW
7DLVKDQ ORXQWDLQ HPHUJLQJ LQ WKH IRUP RI QXPHURXNMQVSULQ.
LPSRUWDQW HOHPHQW WR EH FRQVLGHUHG LQ -LQDQ V XUEDQ
XQGHUJURXQG PHWUR OLQHV LQ WKH GRZQW RZIQX B LPHDIN IL @ JURR/GHILL
EXV VHUYLFHV PRUH LPSRUWDQW

3. '"HVSLWH HIIRUWV E\ WKH JRYHUQPHQW LQ UHGXWKQRXVWDIILI
LPSURYHG SXEOLF WUDQVSRUW VHUYLFHV ZLW KWJWKRHODHHY HEQX %o M R Y6\
VXEXUEDQ DQG H[XUEDQ EXV DQG VSHFLDO VHUYLFHV IRU VEKRRO\
RYHUWRRN %HLMLQJ DV WKH PRVW FRQJHVWHGKFLISE&L QD QMEKW R 5V W
OLVW LQ WUDIILF FRQJHVWLRQ ZLWK D GHODDWIQREHICR(QYL$R YR HO
$QDO\VLVY UHOHDVHG LQ -DQXDU\ -LQDQ LWWRQA RIKWKIRWOI® PQ
DQG 6HS WKH OLQLVWU\ RI (QYLURQPHQWD OQ 3R WWHKFHN B R § W6 V
SROOXWHG FLW\ LQ 35& 7KH PDMRU VRXUFHV RIVSRO® X W GRY VWDWLH
LQ WKH 6KDQGRQJ SURYLQFH UDSLGO\ LQFUHDVLQJ PRWRU YHKLF
WKH FLW\

4. -LQDQ KDV EHHQ QRPLQDWHG DV RQH RI WKH SLD@WSRUWLHYV
LQLWLDWLYHV LQ WKH 35& 7KH -LQDQ OXQLFLSDRPBYHKEPRNOQWH -
XUEDQ SXEOLF WUDQVSRUW GHYHORSPHQW SODRO®H\XaX&/DQHWDZAFOU
GHYHORSPHQW SODQ DQG D SXEOLF WUDQVSRUWSRWV DD/ BRE X
HPLVVLRQ EXVHV :LWK WKH YLVLRQV DQG SODQV HVWDEOLVKHG
XSJUDGLQJ DQG LQWHJUDWLQJ LWV XUEDQ SXELOQLF DV WD@DDR VE X
QHWZRUN DQG VXVWDLQDEOH XUEDQ PRELOLW\ VWUDWHJILHV EXLO

5. 7KH RXWFRPH RI WKH SURMHFW KDV D KXJH SROAWHORWEKNO IRU
ZKHUH WKH WUROOH\ EXV V\VWHP FDQ EH FRQVLEERHQUMWIG[WXLWDEOH



1.3 Results of Screening: Climate Risks to the Project:

6. 3XUVXDQW WR WKH UHTXHVW E\ $'%fV %RDUG RI 'LUHFWRUYV

ILQDQFHG SURMHFWYV DUH QRZ VFUHHQHG DQG LY NOH EHI\ODDAUN G DW
FOLPDWH FKDQJH LQFOXGLQJ FOLPDWH UNGDWHG HQVQY WW DVF KK
DSSHDULQJ LQ WKH UHTXLUHG 5DSLG (QYLURQPH@WD DFSMHYIMPH Q
LQGLFDWH WKDW OMIGH BMPLR/MHFVR R WRW LPSDFWV Rl FOLPDWH FKDQJ
UHPDUNV DUH B)X WRKQ@®RZYFUHDVHYV LQ WHPSHUDWXUH PD\ QHHG W
WKH SODQQLQJ RI FRROLQJ UHTXLUHPHQWY IRU WUR®&RXEB&EVHV

WDNH DFFRXQW RI SDVVLYH GHVLJQ RSWLRQV WR UMBXFHLPONKD
VSHFLILHG IRU VWDWLRQV VKRXOG EH GXUDEOH DQG ORZ PDLQWH!
HYHQWY DQG WHPSHUDWXUH WKHUH EH D QHHG IRU D@QMQENXNWDVHG
LQIUDVWUXFWXUH ~

7. JROORZLQJ $' %YV FOLPDWH ULVN PDQDJHPHQWL8U RVWKRFBRORMRF
ZDV VXEVHTXHQWO\ VFUHHQHG XVLQJ WKH $:$5( WRRO ZKLFK SUR)
LQIRUPDWLRQ RQ WKH OLNHO\ QDWXUH RI FOLPBWXUMMHE @DW XYVUND OI
RHLIKUHIOHFWLQJ SULPDULO\ KLJK ULVNVDIUURPEZIOQG/\L ULHY G CFRREL O
IURP WHPSHUDWXUH LQFUHDVH DQG VRODU UDGQRDMWLLRJIH FKDIQHWH $:
UHVXOWY GR QRW FRQWUDGLFW WKH UHVXWWNIW UEXN VFNJHODWHFRU ¥
FKDQJH PXVW EH WDNHQ VHULRXVO\ DQG D VWUDWHJI\ GHYHORSHCG

8. 2Q WKH EDVLV RI SUHOLPLQDU\ GRFXPHQWYV GRY¥ FUWED Q 3 HDKJHY
XQOLNHO\ WKDW ZLOGILUH SUHVHQWY LWVUIOMND VGRHP BMIRRDBQOP ¥
XUEDQ ORFDWLRQ RI WKH B3URMHFW '"HFUHDVKRIJKDWKN IDFYDDOW ¥ |
UHGXFHG ZDWHU DYDLODELOLW\ RQ WKHU$FRM HDAWZOMH YV H \D OHR W L
LQSXW RU FRPSRQHQW RI WKH 3URMHFW RU LWWKWFHF HVVDXIOL BWR IL
GHVWUXFWLYH IORRGLQJ LQ WKH -LQDQ URMIKIRWQ GARMW UWHNYF HDQYW BV
ZLOO IRFXV RQ IORRGLQJ DV WKH FOLPRWHIHSWRMNFM KIKIKXQIYWW S
IUHTXHQF\ DQG LQWHQVLW\ RI HHIWUHPH WHPSHUDWXUH HYHQWYV ZI

1.4 Objectives of This Report:

9. 7KLV VWXG\ LV D GHVN UHSRUW SUHSD U MK B L3WKRRVKHAE WV K/HL VRIS
DVVHVV ULVNV RQ WKH EDVLV RI SK\VLFDO LQVSHFWHRQWED Q/XFk
FOLPDWH ULVN DQG YXOQHUDELOLW\ DVVHVVPHQWYV \&B¥$ KRYKW\SI
ULVN IURP FOLPDWH FKDQJH LPSDFWV 7KH SH[IDFPRLQ\HR\E K H FDAY DYLID [R
HYLGHQFH LQ RUGHU WR PDNH LQIRUPHG REVHUR® \DQREQ M [ ERPW
WHPSHUDWXUH ULVNV ZLOO LQFUHDVH RYHU WKH QH[W. RBIWHMDO G
RI WKH SRWHQWLDO PDJQLWXGH RI FKDBH K VHGE W RQUQ ULFPADPVR R Q IMF
PRUH GHWDLOHG VLPXODWLRQ EDVHG ULVN DVVHVVPHQW VWXGLH\



J)LIXUH $:$5( &OLPDWH &KDQJH 5LVN 5DWLQJ IRU WKH 31

Final project risk ratings

High Risk

Breakdown of risk topic ratings
A) Tempersgture increase

B) Wild fire

C) Permafrost

D) Sea ice

E) Precipitation increase

F} Flood

G) Snow loading

H) Landsiide

1) Precipitation decrease

J) Water availability

K) Wind speed increase

L) Onshore Category 1 storms
M} Offshore Category 1 storms
N) Wind speed decrease

Q) Sea level nse

P) Solar radiation change

2. CLIMATE AND CLIMATE CHANGE IN JINAN IN THE OBSERVATIONAL PERIOD

2.1 Climate of Jinan

10 -LQDQ LV ORFDWHG 1DM WIRKIKGEH O RNILWXGH DQG HOHYDWLR
PHWHUV DERYH VHD OHYHO 0$6/ LQ 6KDQGRQJ 3URYHLMFH 35& |
WHPSHUDWH FOLPDWH ZLWK IRXU FOHDUO\ GHILQMGKXIPDRGR QD G6XF
ZLQWHUV FROG DQG GU\ $YHUDJH WHPSHUDWXUHW LQ 6X@XQIBRQJ [
DQG URXJKO\ WR f&LQ -XO\ $QQXDO SUHFLSNVWGMWILREOH WD Y L
YDULDELOLW\ UDQJLQJ IURP URXH KOWMRUWWR\ Rl SUHFLSLWDWLRQ
VXPPHU VHDVRQ DQG LQFOXGHV PRQVRRQ SUHFLSLWDWLRQ

11. 7KH <HOORZ 5LYHU LV D SULPDU\ IHDWXUH Rl 6 KRXHZRWQWMR/ JH
HDVW LQ 1RUWKHUQ 6KDQGRQJ EHIRUH GLVFKDUJkQVWRWLR WWXGI\ %Ak
ULYHU LV SURQH WR IORRGLQJ DQG KDV EHHQ UHVSRQRREOH IRU
HSLVRGHV VRPH RI ZKLFK H J DQG OUWL RDX MWHD® LW LH
,Q 6KDQGRQJ WKH <HOORZ 5LYHU LV FROQWDLQHG EHKHQWK®HYHH\
VXUURXQGLQJ IORRGSODLQ ZKLFK H[DFHUEDWHYV IORRG GDPDJHYV

12, 7KH IROORZLQJ DQDO\VLV RI KLVWRULFDO VHUI\Q B B VLHOG SRIGH MLISI
UHODWLYHO\ ORQJ DQG FRQWLQXRXV GDLOBWMHFRRGYV |
! R1 /DW R(/RQ 'DLO\ UHFRUGV ZHUH DOVR REWDLQHG IF



=671 R1 /DW R(/RQ DOWKRXJK WKHVH UHFRUGV RQO\ H[WHQG
SUHVHQW PDNLQJ WKHP XQVXLWDEOH IRU KL \RWRULF P8 WHRLR® B.
VWDWLRQV H[LVW LQ 6KDQGRQJ 3URYLQFH LQ WAKHIHHQRWU SO RYEGH
IRU WKHVH VWDWLRQV /RFDWLRQ RI -LQDQ DQG VXUURXQGLQJ VW

J)LIXUH /IRFDWLRQ RI OHWHRURORJLFDO 6WDWLRQV QHDU -LQL
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2.2 Changes in Temperature

13. 2Q WKH EDVLV RI \HDUV RI UHFRUGV DWP HDYD @ QQOKDWL R
WHPSHUDWXEHZILWK D VWD QG D U G&G HYWHMDR®RDO YDULDWLRQ LV

DOWKRXJK WUHQGYV LQ WHPSHUDWXUH DUH DSSDUHGW ®Y HWK W K L\
FROGHVW \HDU ZLWKLQ WKH R& SREERGUDYH UMIHG QHDU WKH E
RI UHFRUGLQJV 7KH ZD U8 HRWFYLIUH @ WQ OLNHO\ LQIBRHQFHG
QLQRRYHQW RFFXUULQJ DW WKDW WLPH 2YHU WKLVQSHWHIRGR QP HDC
ODUFK $SULO 0D\ B& HVUXPHHI -XQH -XO\ $XIXVW WHP®RHUDWXUF
DXWXPQ 6HSWHPEHU 2FWREHU 1RYHPEHUW’& \UBBSHUDMWXWL H W FOHR-ELH
-DQXDU\ )HEUXDU\ WHPSHUDB& XDOIW KIRKHEDEHGRZ IUHH]LQJ WHPS

! $OWKRXJK WKH UHFRUG DW -LQDQ GV GROWLRXRXV RNUI WXEYHSHWERRFRQWDLQ
EHHQ H[FOXGHG IURP WKLY DQDO\VLV
2

7KH HVWLPDWHG VWDQGDUG GHYLDWLIR@ IP\D\EQRMWGERIQDE FKHUDWANY VZILQAHHYLGHQ
LQIODWLQJ WKH HVWLPDWH



FRPPRQ GXULQJ WKH ZLQWHU LQ -LQDQ SDUWLFXODWPRQWXUOFHPE
WHPSHUDWXUHYV DW -LQDQ IRU WKH SHULRGLWKHODGHVDOB\H
YDOXHV IRU WKH HDUOLHVW DQG WHOWNSUHHERQW UHVSHFW

JLIXUH ORQWKO\ $YHUDJH&HPWHUDRW® BHMWDWLRQ
DQG
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14. 7KH KLVWRULFDO WLPH VHULHV Rl PHDQ DQQXDQ MBRSHUDW X |
DQG VSULQJ VXPPHU IDOO DQG ZLQWHU WUHQGV GLVWODVHG D
LPPHGLDWHO\ DSSDUHQW WKDW WHPSHUDWXUHV KDMFRQEUHDVH
SDUWLFXODU DQQXDO WHPSHUDWXUHV KDYH LQFUHNVEBULWHIOHF
ZLQWHU '-) )JLIJXUH ( DQG VSULQJ 0$0 )GJXUH Q% LYHDS SDLNWMDG
VXPPHU --$ )LIJXUH & WHPSHUDWXUHV DQG RQO\ UHOSRWLYHO\ P
JLIXUH ' WHPSHUDWXUHV $QQXDO ZDUPLQJ LV DSSDIUHQWION GUL
ZLQWHU DQG VSULQJ VHDVRQV



JLIXUH $ OHDQ $QQXDO R8HPW UD@DXQY WDWLRQ
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--% TEHPBWUDQYXQHWDWLRQ

JLIXUH & OHDQ 6XPPHU
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JLIXUH H OHDQ :LQWHU '-) RZHPBWHULQWRUHNDWLRQ

Deg.C
(=]

1967
1971

15. $Q DSSUR[LPDWH TXDQWLILFDWLRQ Rl WHPSHUDWXUH FKDQJH
RQ WKH EDVLV RI OLQHDU WUHQG DQDO\VLV XVLQRORDEQBDU\ OH
FRQWDLQV WKH UHVXOWYV RI 2/6 WUHQG DQDO\VLYDWRW HVOWBX CLA \D ¢
REVHUYDWLRQ LV WKDW DOO DQQXDO DQG VHDVREDOXKWWH @& WDWU F

DSSUR[LPDWH VLIJQLILFDQFH ZLWK WKH H[MHSWLHRIQRI| VXP]
DQQXDO WHPSHUDWXUHV KDYH L3& RYBIWHG KHSSUR[LPOMHARG HTXL
WR DURX®GSHU GHFDGH (VWLPDWHG LQFUHDVHV ZHUH JUHDWHV\
HTXLYDOHQW W& DHRGHFEDGH LPSO\LQJ WKDW 28 QWHRNUKRY HUEH
WKH SHULRG 6SULQJ 0$0 LQFUHDVHV DUH DCRRROHNW DV GU
GHFDGH D®%G RYHU WKH SHULRG RI UHFRUG ,QFUHDVHV GXULQJ
GUDPDWLF DYHUDJLQJ V @8 BKW OG HPRROGHEDRMGE U WKH UHFRUG SHULT
OLWWOH LQFUHDVH LQ DYHUDJH VXPPHU --$ WHPSHUDWXUH ZD\
LQFUHDVHV RIRKQQG DQ LQFUHDRRHRRIHRQWK H SHULRG ,W VK
QRWHG WKDW WKH LQFUHDVH LQ DQQXDO WHPSHUDWXUH VDKH-LQD
VDPH SHULRG

3 7KLV VKRXOG QRW EH LQWHUSUHWHG DW GILYQ KB @ F HRVWRDKAH W KX QEFEMM R Q D\® WRUHPQZT:



7DEOH 5HVXOWV RI /LQHDU 7UHQG $QDO\VLV $QQXDQPXPG 6HDVF

THPSHUDWXUH DW -LQDQ

BHULRG | &RHIILFLB& 6WG HUU ,QFUH®NH| ,QFUHDVH |{
SHU \HDU FRHIILFLH GHFD&H RI UHFRUG

$QQXDO
6SULQJ 03
6XPPHU --%
$XWXPQ 62
'LQWHU '-)
$QQXDO 'DU
7 &
$QQXDO 0D
7 &

16. 7KH EHKDYLRXU RI H{IWUHPH WHPSHUDWXUHVI M VDIOWRHRK LLIEW |
WHPSHUDWXUH PD\ KDYH LPSDFWV RQ H J GHPDQG VRWWMKPWRWDQOQF
PDWHULDOV VXFK DV DVSKDOW WDUPDF SDYHPHQW HKDIXGWHQV|
EULGJH H[SDQVLRQ MRLQWY 7HPSHUDWXUH H[WUBPHVYWFUR BXONRQS
KHDOWK *OREDO ZDUPLQJ LV DQWLFLSDWHG WRRIQHOXUHQFH MNXKHHQIW
DV ZHOO DV DQQXDO DQG VHDVRQDO DYHUDJHV 7R KB BHWH RXH E
RI UHFRUG WZR VHULHV ZHUH GHILQHG 7KH ILUVZWHIU\H VBGIOH OK R\
WHPSHUDWXUH LV GHILQHG DV WKH DYHU D HH &KH BPD\WMWPXHPVD Q G \PI KD\
7KH VHFRQG LV WKH PD[LPXP WHPSHUDWXUH UNFRIUGHGP HDWKG BI\D/A
DW -LQDQ LV SUHVHQWHG LQ )LIJXUH D DQG WKH VHULBXURI PD[L
%

17. ,W LV REVHUYHG WKDW QHLWKHU VHULHV SUHWHK®E&WD EPHPU H
VLJQDO LV FOHDUO\ SUHVHQW LQ DQQXDO DQG VHDWRQD®W DV HUDW
DSSDUHQW LQ WKH EHKDYLRXU RI H[WUHPHVYDWLR Q MUKYDHY Z\DRJ R C
-LQDQ LV GULYHQ SULPDULO\ E\ LQFUHDVHV LQ FROG VHDVRQ W
LQFUHDVLQJ VXPPHU WHPSHUDWXUHYV QRWLQJ WKDHMP YXB B WX U
HIWUHPHV W\SLFDOO\ RFFXU )RUPDO DQDO\VLV RWWH MQE®W 7B BOH
RI DQQXDO ZDUPHVW GD\ W RU DQQXDO P DHL ® YD W/IHPVS IHRIDO
VLIQLILFDQW WUHQGYV



JLIXUH $ $QQXDO OD[LPXP 'DLG& 7BWS-H QDY XaMWHD W LR Q
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2.3 Changes in Precipitation

18, 2Q WKH EDVLV Rl -LQDQ UHFRUGV IRU WKH SHULRG
DYHUDJHV DURXQG PP \HDU 7KH VWDQGDUG GHYDDMUIRQILFDQW
EXW QRW H[WUHPH GHJUHH RI LQWHUDQ QXD OSHUWIRIEE RO IV \F RIKS!
ZKHQ -LQDQ UHFHLYHG RQO\ PP RI SUHFLSLWIZWHRQ 7KH
SUHFLSLWDWLRQ WRWDOOHG DURXQG PP 7KH WLPH @HULHV R
JLIXUH 7KHUH LV QR REYLRXV WUHQG LQ DQQXD@WSHBELESQWOWILF



VXPPDUL]HG LQ 7TDEOH LQGLFDWHYV WKDW SUHFLSLWDWLRQ DSSHEL
\HDU RYHU WKH SHULRG RI UHFRUG DOWKRXJIX WKJ1QYLDLSFDQM QW W

19. 3UHFLSLWDWLRQ LV KLJKO\ VHDVRQDO LQ -LQIDPD OZ IGW K LVQK HWHK
VXPPHU SHULRG --$ PXFK RI WKLV UHIOHFWLQJ RFFDVLBRDIDO\ K
DGLVSOD\V WKH PHDQ PRQWKO\ SUHFLSLWDWLRQ DFFXPXODWLRQ\
GLVSOD\V WKH VDPH GDWD IRU GD\ SHULRGV WRLBWRYEGWLURQH
SUHFLSLWDWLRQ ,W LV REVHUYHG WKDW DOPRVWSLWDW LRXQWI RO C
ZLWKLQ D GD\ SHULRG EHWZHHQ -XOLDQ DQG FRUUHVSRQG

JLIXUH OHDQ $QQXDO 3UHFLSLWDWLRQ PP DW -LQDQ 6WDWL
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20 $QRWKHU GLPHQVLRQ RI SUHFLSLWDWLRQ LPSRIWMKD D@L P Q WGHH \
FKDQJH LV WKH IUHTXHQF\ DQG PDJQLWXGH WKHMMW WHPH RJB/LHI D\
SUHFXUVRUV RI IORRGLQJ 7KH PDJQLWXGH Rl WKHKMQQXDOHRD/[LF
RQD\ SUHFLSLWDWLRQ DFFXPXODWLRQ RFFXUULQW LY RE¥FKUHWBGE
WKDW WKH DQQXDO PD[LPXP W\SLFDOO\ YDULHV POWZXHRKQK WPKHGH
DW OHDVW RQH HYHQW WKDW LV ODUJH HREXJRRQVLGORNE B/ R WD
RXWOLHU 1RWH WKDW ZDV DOVR WKH \HDU Rl JUHDWGDAW SUHF
HYHQW SURYLGHG URXJKO\ RQH TXDUWHU R IDW &HDQYQW R DWW R W B O
EH DQ LQFUHDVLQJ WUHQG LQ WKH DQQXDO G DW®\HPIB[ LLPXIPOMWLAMQ ¥
ERWK WRWDO DQQXDO DQG PD[LPXP GD\ SUHFLSLWDRWQORQ \DRAXP
GD\ PD[LPXP ZDV SHUIRUPHG ERWK LQFOXGLQJ DQG H[FOXGLQJ

JLIXUH $QQXDO OD[LPXP 'DLO\ 3UHFLSLWDWLRQ PP DW -LQDQ ¢
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21. $Q DGGLWLRQDO GLPHQVLRQ RI SUHFLSLWDWLR®DZ®\HBFKXPLQH
\HDU UHFHLYLQJ KHDY\ SUHFLSLWDWLRQ %RWK WKHRUDVHQGQHPS
KHDY\ SUHFLSLWDWLRQ HYHQWY GXH WR DWPRVSKHSLW WD URQQLV
GHILQHG DV D GDLO\ WRWDO H[FHHGLQJ PP 718DWIBVXQRWNOB DK
HYLGHQFH Rl WUHQG LV DSSDUHQW /LQHDU WU RE & HUQMHIB\ WY HFGRX
ZHDNO\ QHIJDWLYH DQG QRW VWDWLVWLFDOO\ VLIJQLILFDQW W

22. 7R VXPPDUL]H XQOLNH WHPSHUDWXUH WUHQGV LQ DQQXDO D
QXPEHU RI KHDY\ SUHFLSLWDWLRQ HYHQWYV DUK @KW ¥I/\DHNRY \I DR)LC
PD[LPXP GD\ SUHFLSLWDWLRQ WKH WUHQG LVWKHID HI[WUH®PIKDXB QK
DOPRVW PP GD\ HDUO\ LQ WKH UHFRUGYV ILW VWRIQVRHOG®Q WMDU
UHPRYLQJ WKH WUHQG LV SRVLWLYH DQSURRUGIHYI ZIHDHN VHYIIQG
WKDW SUHFLSLWDWLRQ H[WUHPHVY KDYH EHHQ LQFUHWMKHQJ RYHU V
HYHQW LV FRQVLGHUHG DV DQ DQRPDO\ +RZHYHU WBRQWYXNOQRW
IUHTXHQF\ RI KHDY\ UDLQIDOO HYHQWY ZKLFWIGHRBWWIRG FKDQJH V



J)LIXUH $QQXDO 1XPEHU RI +HDY\ BUHFLSLWDWLRQ 'D\V SSW !
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7DEOH 5HVXOWV RI /LQHDU 7UHQG $QDO\VLV $QQXDOLFRWDO DQ

DW -LQDQ
&RHIILFL] 6WG HU| ,QFUH®NY ,QFUHDYV
9DULDE( PP SHU \H FRHIILFL| GHFDGH SHULRG

UHFRUG

$QQXDO 35S
OD[LPXP G
3SW

OD[LPXP G
3SW H[FOXG

1 GD\V !

24 History of Flooding in Jinan

23. )ORRGLQJ LV D UHFXUULQJ SUREOHP LQ -LQDQ ZLWK GDPDJ
\HDUV RQ DYHUDJH RYHU WKH ODVW \HDUV BGKRADE\DORRPD Q\
JHQHUDWLQJ PHFKDQLVPV $SSHQGL] 7R D \VDAMN VF RIXQHJ K LRNGH QM K
IUHTXHQF\ DQG VHYHULW\ RI WKH IORRG KD ]OH GD EWRIUW LFFRSGRW WLLEC
WR IORRGLQJ LQ -LQDQ 7DEOH FRQWDLQV RRIGM \OWPPDHGE H\Q RJHW
FKURQRORJLFDO RUGHU WR 7KH LQIRUPPQLLRQRL\0 BD\EWWURG R H
'LVDVWHUV LQ &KLQD 6KDQGRQJ YROXPH 7KH 'DUWPRXWK )ORR
FRQVXOWHG IRU FURVV UHIHUHQFLQJ DOWKRXIXKXR@®O\ WHKMH QWO
DSSHDU LQ WKH 'DUWPRXWK DUFKLYH DV QRWHG LQ 7DEOH



7TDEOH

7LPH 30I

'HVFULSWLRQ RI (YHQW

WR
$XIXVW

-LQDQ &LW\ VXIIHUHG WKH VWURQJHVW VWRUP VIP®H
RI DYHUDJH SUHFLSLWDWLRQ PD[LPXP PP RI §
SUHFLSLWDWLRQ PP %HFDXVH RI VKRUW GWUXW
URDGV VXIIHUHG VHULRXV IORRGLQJ

RQ
-X 0\

-LQDQ &LW\ HQFRXQWHUHG VWURQJ WRUUHQWLBPXP

SUHFLSLWDWLRQ XS WR PP KR XU PP KR

LGHQWLILHG DV KLVWRULFDO PD[LPD VLQFH PHWH

BWURQJHVW UDLQIDOO LQ 6KDQGRQJ WKLV UDRQ L

KRXUV ZRUVW UDLQVWRUP VLQFH GHDG
ELOOLRQ \XDQ GDPDJHYV

WR
RQ $XJIXV\

FRXQWLHYVY GLVWULFWYV KLW E\ VWRUPV OD[LP XD IZq

KHFWDUHV RI FURSYV ZHUH IORRGHG LQXQGD
KRXVHVY FROODSVHG KRXVHVY GDPDJHG P
ZDVKHG DZD\ GHDWK PLOOLRQ \XDQ RI GLUHH

- X0\

&RQWLQXRXV UDLQVWRUP LQ -LQDQ &LW\ FXPXODW
DUHD 'XH WR KLJK UDLQIDOO FRQFHQWUDWLRQ D
QRUWKHUQ DQG WKH ZHVWHUQ SDUWV Rl UHVLGHQ
ZLWK ZDWHUORJJLQJ XQGHU RYHUSDVVHV PDNLQJ
FDXVLQJ VHULRXV WUDIILF MDPV 6RPH VHFWLRQNHZ
DQ DYHUDJH RI PP PD[LPXP PP RI UDLQIDOO
WR YDU\LQJ GHJUHHYV PLOOLRQ \XDQ RI GILUWMERW
WKH VHYHUHVW IORRGYV RFFXUUHG LQ UHFHQW \H

LQ
&KDQJTLQ
GLVWULFV

6HULRXV ZDWHUORJJLQJ PP RI UDLQIDOO
LQFOXGLQJ YLOODJHYV KRXVHKROGYVY RU DQ
HFROQRPLF ORVVHV DPRXQWHG WR PLOOLRQ \XDQ

-X 0\
$XIXVW
-L\DQJ FR]

WRZQV RI WKH FRXQW\ ZHUH DIIHFWHG $IIHFWH
LOXQGDWHG ZKHUH FRWWRQ DFFRXQHWWDHG IRU R

- X0\ W

FRXQWLHV GLVWULFWV H[SHULHQFHG UDLQVWRUP
KDG PP RI UDLQIDOO UHVXOWLQJ LQ D WRWODH®
KRXVHKROGV RU SHRSOH DIIHFWHG
LQFOXGLQJ KHFWDUHY LQXQGDWHG NP URDW
GDPV P RI ZHLUV WUHHYVY GDPDJHG DQ
GHDG 'LUHFW HFRQRPLF ORVVHV RI PLOOLRQ \XD

- X0\
- X0\

,Q 6KDQJKH FRXQW\ HSLVRGHV RI KHDY\ UDLAQ @RV,

PP DW SRLQW RI PD[LPXP UDLQIDOO WRZQVK
KHFWDUHV RI IDUPODQG IORRGHG RI ZKLFK KR

WR RI WK WRUUHQWLDO UDLQ LQ -L\DQJ F
DYHUDJH UDLQIDOOWK2YMWRZRO®\UHFHLYHG UDLQIDOC
ZKLFK WRZQV UHFHLYHG PRUH WKDQ PP ,Q WK
ZHUH IORRGHG ZLWK FRWWRQ ILHOGV DFFRXQWLQ$
VXIIHUHG VWRUP GLVDVWHUV UHFHLYLQJ PP RI U
FURSVY IORRGHG FDXVLQJ WRWDO ORVV RI K HF\@
WUHHYV

$XIXV
WR
$XIXVW

JURP ZHVW WR HDVW KHDY\ WR WRUUHQWLDQ @ FIRG
DQG &KDQJTLQJ GLVWULFWV R2YWRWDIH XUEDQPDUH

PP ZDV UHFHLYHG ZLWK -LQDQ XUEDQ DUHD DYHU
VLQFH UHFRUGLQJ EHJDQ LQ 7KH UDLQVWRUP
GLUHFW ORVVHV RI PLOOLRQ \XDQ WR -LQDQ XUE

WR SP WRUUHQWLDO UDLQV DYHUDJLQJ
PD[LPXP RYHU PP 'DUWPRXWK $W OHDVW ZS$iH)
LQMXUHG DQG PRUH WKDQ KRPHV ZHUH GHVWUR

JORRG (YHQWV LQ DQG DURXQG -LQDQ VLQFH



7LPH 30I 'HVFULSWLRQ RI (YHQW

SURYLQFLDO FDSLWDO RI -LQDQ VWRUPV SRXR G
TKXUVGD\ GXPSLQJ XS WR LQFKHYV PP RI WOQLY
FLW\
- X0\ 5DLQVWRUPY ODVWLQJ IRU KRXUV SURGXFHG DQ D
LQ &KDQJ] UHFHLYLQJ PP 5LYHUV RYHUIORZHG EDQNV N
GLVWULFV DTXHGXFWV UHWDLQLQJ ZHLUV RI PHWHUYV KH

IDFWRU\ EXLOGLQJV ZHUH GDPDJHG UHVXOWLQJ L\Q
LQ /LFKHQJ &RXQW\ UHFHLYHG VXGGHQ KH
PD[LPXP UDLQIDOO RI PP %HFDXVH RI WKH FF§
PD[LPXP LQVWDQWDQHRXV IORZ LQWR :RKNXVEG @ D\M
VXUJHG 2Q $XJXVW  WZR HPEDQNPHQWYV EXUVW
IORRGHG DQG KRXVHV GHVWUR\HG KHFWDU
LOXQGDWHG
6HSWHPEH 7ZR IORRGY RQ WKH <HOORZ 5LYHU FRPPXQH\G B (

LQ EULJDGHV DQG KRXVHKROGV RU SHRSOH}
&KDQJTLQ P X KRXVHV FROODSVHG
GLVWULFV
-X O\ +HDY\ UDLQIDOO +RQJIDQFKL DUHD UHSRUWHG ;
LQ 3LQJ\L KRXVHV FROODSVHG DQG KHFWDUHV RI FURS
FRXQW\
24. W LV HYLGHQW WKDW WKH PDMRULW\ RIVIRRRGRG X HHAIWWEF KL

UHVXOWHG IURP KHDY\ ORFDO SUHFLSLWDWLRQ HYHQWV &KDQJ
LQWHUSUHWHG GLUHFWO\ DV SURSRUWLRQDO FKDQJHVDMHWKH |
EHWZHHQ SUHFLSLWDWLRQ DQG IORRGLQJ $ SMHDWLDON OV L RIFD
LQWHQVLW\ DVVRFLDWHG WRSRJUDSK\ H[WHQW RI KPSWUBBBEOH
HQJLQHHUHG GUDLQDJH DQWHFHGHQW PRLVWXUH FRQGIDWIORQV Zl
RWKHUV DV ZHOO $ ULJRURXV DVVHVVPHQW RI FOLPDWH FKDQJH L
UHTXLUHV WKH XVH RI QXPHULFDO VLPXODWLRQ PROGKHLFK RN ERW
EH\RQG WKH VFRSH RI WKLV GHVN VWXG\ 7KH VIREXNTRK® ¢\W DIIBO\
LQ WKH IUHTXHQF\ DQG LQWHQVLW\ RI H[WURP H LNHM\ DYV RFLDQ
FKDQJHV LQ IORRG KD]DUG

3. PROJECTED CLIMATE AND CLIMATE CHANGE IN JINAN

3.1 Flood Hazards in a Changing Climate

25. 0DQ\ PHFKDQLVPV FRQWULEXWH WR IORRG KDWBHUBKD DIHGFW Q H
EH QXPHURXV XQFHUWDLQ DQG FRPSOH[ $SSHQGL] DRB WKLV
FKDQJH ZLWKLQ KLVWRULFDO IORRG HYHQWM LEXRVW HDE M LLFROODA
FOLPDWH H[KLELWY FRQVLGHUDEOH YDULDELOLRMHRMMURD W RQ JKWR
IORRGLQJ EHKDYLRU ZLWKLQ WKH UHJLRQ DUW FIKPWD RVOHBDW G BH
IORRGY DOVR GHSHQG QRW RQO\ RQ SUHFLSLWDLUR G X\Q DY RL R/
DQWHFHGHQW FRQGLWLRQV RI ULYHUV DQG WKHLDFGQREZQBIH EG V
LQ DVVHVVLQJ WKH FKDQJLQJ ULVNV RI IORRSRQ\DH)MG T QHGHNSRMDK I\

4 Q WKLV GRFXPHQW D GLVWLQFRRERXDEEPBEB PBRKG HK®]DUG LV DVVRFLDWHG
PDJQLWXGH DQG RWKHU FKDUDFW KW LVQWFXGRQ W B H HFQISEDWDMWL REHRMEWDOV UD
GLVFKDUJH DQG GLVFKDUJH YROXPHVIIRQGE/ RWKEBRRSK\QLFPOREBGPHRQRVN UHIHUV W
KDUP DQG GDPDJH ZKLFK LQ WXUQ WRH TWKH H\K \I/Q POXG BUVWDQEXWURQ RI SRSXO
DVVHWY H[SRVHG WR WKH IORRG KD]DUG | ®\RGRHG QDLW X URHL W Q &D M 1L R BWLLQYTHIQ@ N WAU RF \
HJ HDUO\ ZDUQLQJ VIVWHPV DQG WW HDROYOH UDI OHOF WHIGL SR B R 6 B VRIL RSRW H Q



WKDW DWPRVSKHULF ZDUPLQJ LV OLNHO\ WR LQFUMHDNVE RHHWIIHT
VHWWLQJYV DOO RWKHU FRQWULEXWLQJ IDFWRUV DVVXPH® XQFKD
SULQFLSOHV DQG WKH YLHZV RI PDQ\ FOLPDWH VFLHQWLWWMN +R.
65(; DVVHVVHV WKH OLNHOLKRRG RI VXFK FKD QXY ¥ RMKK®R Z
ODFN RI KLJK TXDOLW\ HPSLULFDO UHJLRQDO VWXGLHV VXSSRUWL

26, 7KHUH LV D EDVLF OLQN EHWZHHQ DWPRVSKHULFJ@REBBUDW
ZDWHU F\FOH $V WKH DWPRVSKHUH ZDUPV LWV PBLQW XQHVKRIQGW
LQFUHDVLQJ UDLQIDOO LQWHQVLWLHY DQG FRUMHMBR®GLQIWIDFUF
$W FXUUHQW JOREDO PHDQ WHPSHUDWXUHV DQFDSPEHDV IR IL QR URXRP)

IRU HDFK f& RlI WHPSHUDWXUH :IKHRU SDWHLIS\.\8 D WG RRWRIKF XUV L
KLJKHU LQWHQVLW\ DQG WKH LQFUHDVHG FRQGHQVDWLRQ UHOH
FRQYHFWLYH SURFHVV IXUWKHU DPSOLI\LQJ WKH LQW MMM UBR R S|
LOQWHQVLW\ LQ WXUQ OHDGV WR LQFUHDVHG UXRRRQGDQBR®LYK D W
DOVR H[DFHUEDWHG E\ SRRU ODQG XVH SODQQLQJ DQG SUDFWLF
UHGXFWLRQ RI ZHWODQGV DQG H[SDQVLRQ RI XUEDQ DUHDV )RL
VXUIDFHV LQ XUEDQ DUHDV LQFUHDVHV WKH OLNHOG KRPE LRJHG DV k
VHZHU RYHUIORZ GXH WR UDSLG UXQRII UHVSRQVH IROORZLQJ LQW

27. $WPRVSKHULF ZDUPLQJ DOVR OHDGV WR D VKLIW IUDEQIDXOWHD
DQG WR DOWHUDWLRQV LQ WKH VHDVRQDO WDRIX P RIQIWHEE IS LRV W
EDVLQ IORRGLQJ $WPRVSKHULF ZDUPLQJ DOVR OHDGWWRUIFHFUHD"
RI HQHUJ\ IRU WURSLFDO VWRUPV DQGPOR MHID QWIYRIQ RILRHAHDBLD .
DQG WKH PHOWLQJ RI JODFLHUV DQG FRQWLQ@BQWDBXIORH) D YXIDW F
WR LQFUHDVHV LQ IORRG ULVNV GXH WR 6/5 LQ FRPENVOWMRWIPR/Q ZLW
,Q ULYHU EDVLQV IHG SUHGRPLQDQWO\ E\ JODFLHUV DQG ZLQ\
WHPSHUDWXUHYVY PD\ LQLWLDOO\ OHDG WR LQFUHDVHXDWERXQK VXTI
WKHVH ULVNV DUH OLNHO\ WR GLPLQLVK LRQFWEH IDWRRBRHB OMRHE UPD (
SURYLGHYVY DPSOH HYLGHQFH WR VXSSRUW WKH SK\WLFDO WKHRI
LQFUHDVHY LQ HYDSRUDWLRQ DQG DWPRVSKHULF PRLVWXUH DQG

5 7KLV UHODWLRQVKLS LV H[SUHVVHG DWWKG® ZBDRKKLXNV&ODSHVURDWKTWDOWLRQ YI
IXQFWLRQ RI DLU WHPSHUDWXUH



J)LIXUH SURFHVVHY OLQNLQJ JUHHQKRXVH JDV HPLVVLRQV WR
HIWUHPH ZHDWKHU HYHQWV

‘ Increase in Greenhouse Gasses

v

‘ Increase in Radiative Forcing

2

* Surface Sensible Heating
* Surface Latent Heating
(depends on available moisture)

v

‘ Increase in Temperature ‘ | Increase in Evaporation |
v v
Increase in Atmospheric > Increasein Actual
Water-Holding Capacity Moisture Content

H

‘ Enhanced Precip. Rates ‘

L 2

‘ Enhanced Latent Heating ‘

v

Enhanced Storm Intensity ‘

v
* Increased Runoff
= Increased Flooding

|J
|‘\

3.2 General Features of Climate Change in the Jinan Region

28. 7R DVVHVV WKH SRWHQWLDO LPSDFWV RI FOLPDWHWNXWDQQH RQ
-LQDQ LW LV QHFHVVDU\ WR FRQVLGHU ZKLFK PHWHRQ® O\RURHDO
VFDOHV DUH OLNHO\ WR LQIOXHQFH WKH IUBTIOR@B\VD @G BHVFLLE
DERYH JOREDO DQG UHJLRQDO WHPSHUDWXUH LQFUF\DRH\Z DW H UG L
FLUFXODWLRQ WKURXJK WKH DWPRVSKHUH &KDQJHV E®UWUHFLSL
VLQFH SUHFLSLWDWLRQ LV FRQYHUWHG WR UCRRGILZKLBRWK RWH
LQFUHDVHY LQ DQQXDO DQG VHDVRQDO SUHFLSLWDWLRQ DQG LQ
HYHQWV DUH DVVRFLDWHG ZLWK LQFUHDVLQJ IORRG KD]DUG 1R
FRUUHODWHG LQWHQVH SUHFLSLWDWLRQ HYHQWYV FID® \LKW WH QV M
ZKHUH DQQXDO DQG RU VHDVRQDO SUHFLSLWDWLRQ DFFXPXODW
(YLGHQFH SUHVHQWHG LQ 7DEOH LQGLFDWHV WKYWUGRFD OHELJK

KRXUV WR D IHZ GD\V] GXUDWLRQ DUH UHVSRQ\RFE®WH LA U LIROQN DR C
VXUURXQGLQJ DUHDV

29. 7KH PRVW FXUUHQW DQG VFLHQWLILFDOO\ DGYDQEEGDBEROHRUW
WKH &RXSOHG ORGHO ,QWHU &RPSDULVRQ 3URMHFW KHL IDMXD 6 RKLQ/G

6§ BRXUFH 7UHQEHUWK .HYLQ ( &RQFHSWXDMOUHMHPWHRR WNK HRU\GHRQRH VFR&\
&OLPDWH &KDQJH &OLPDWLF &KDQJH JLIXUH S



SUHVHQWHG LQ WKH ,3&&YV )LIWK $VVHVVPHQW 5HSRUMO 5
&LUFXODWLRQ RU *OREDO &OLPDWH ORGHOK $V&MH VB H QM SBIHRHJ
$QQH[ , WR :RUNLQJ *URXS , 6FLHQFH FRQWDL&O/ 3D FRBERVLMN R
RQH VHW RI DVVXPSWLRQV FRQFHUQLQJ JUHHQKRXVH JDV HPLVVLR
LV D UHODWLYHO\ RSWLPLVWLF VFHQDULR ZLWK UHVSWRW WRZLD
VEHQWXU\ )LIXUH KLJKOLJKWV WKH FRPSRVLWH PRGHO UHVXO\

J)LIXUH 0OXOWL ORGHO (QVHPEOH 3URMHFWLRQV IRU WKH -LQDQ

-40 -30 -20 -10 O 10 20

30 7KH XSSHU SDQHOV LQ )LIXUH LQGLFDWH FKDQJHSULQ VXPP
6HSWHPEHU DV SHUFHQWDJHY UHODWLYH WR W KH KY VW RWK IF C50H B D
ZKHQ PRVW SUHFLSLWDWLRQ RFFXUV LQ WKH UHJLRQ FRQWDLQLQ.
VHDVRQ DUH PRVW LPSRUWDQW 7KH ORZHU SDQHOVWVRLE @IFFDREH B K
ODUFK 7KH SDQHOV RQ WKH OMfS\HBRHQWVORIQRS AR, WKHRGHOV Zk
IURP GU\ WR ZHW RYHU WKH UHJLRQ LQ TXH\QWGLRR WKH mPLHIA DK

WS HAHQWLOH RI SURMHFWLRQV DQG WKSH UEBIQW KO G& S B Y M XK I
LQGLFDWHYV WKDW WKH SURMHFWH DB U KR HO\R SHORD FLIXW K H@® W KEHD L P
W LV VHHQ WKDW IRU WKH UHJLRQ VXUUR KQGHIQWHH @D & RAKHKWH H.
DFURVV *&0V ZLWK UHVSHFW WR ERWK WKH \CHDWRQDLB G DIQFL DLW
FKDQJH 6SHFLILFDOO\ PRVW PRGHOV DW OHDVWHJLROURMWKW |
LQFUHDVHV PRVW OLNHO\ LQ WKH UDQJH Rl  WRXW BR?DMEONHKWER



31. 5HVXOWY DSSHDULQJ LQ )LJIJXUH DUH EDVHG RQ WKH RX\
FKDUDFWHULVWLF KRUL]JRQWDO UHVROXWLRQV Rl RIURKLYV WRDWW¥H
VSDWLDO UHVROXWLRQ DQG GXH WR WKH |IDPWDW®W WDOD Q@ W XGURI AR
WRSRJUDSKLFDO IHDWXUHV LQ GHWDLO LQFOXGLQWREBX@WDLQ U
RXWSXWV PD\ QRW SURYLGH DQ DGHTXDWH EDVIKWH URUPRHWHL OIRFEQ C
GHWDLO LV UHTXLUHG $ QXPEHU RI DSSURDFKHVEWRQGR H# ©{HOFDSHG
WR DGGUHVV WKLV LVVXH 7KH WZR PRVW FRPPRQ D&ZXURBFKHV
LOQYROYHV WKH XVH RI KLJKHU UHVROXWLRQ UHJLRQDO® FOMLRDW
QXPHULFDO ZHDWKHU IRUHFDVWLQJ PRGHOV DQG VWDWLVWLFEDC
FRUUHODWLRQV EHWZHHQ ORFDO ZHDWKHU SDWWHUQV DQG EURDC

3.3 NASA NEX Global Daily Downscaled Projections

32, ,Q -XQH WKH 8 6 1DWLRQDO $HURQDXWLFV DQG 6SDFH $G
WKH 1$6$ (DUWK ([FKDQJH 1(; *OREDO 'DLO\ 'RZQW B IONGE VB U RKIHH
GDWDVHW ZDV SURGXFHG LQ VXSSRUW RI WKH ,3&& $\ RID\WKURRD VL
SULPDU\ FOLPDWLF YDULDEOHV * PD[LPXP DQG PLQLPXP WHPSHL
GHJUHH KRUL]JRQWDO UHVROXWLRQ HTXLYDOH®QWJIW R EHS SSAWR[MPIBW
DUH DYDLODEOH IRU WKH KLVWRULFDO SHULRG HSUHVH@MEDMULY F
FRQFHQWUDWLRQ SDWKZD\V 5&3 FRUUHVSRQGLQJ VBR HPKWVLRQV
ILUVW LV FRQVLVWHQW ZLWK D UHODWLY HOL FSWLIFQG/ W KH WLHAR®MG
5&3 LV HTXLYDOHQW WR D (EXVLQHVV DV XVXBQWVFHEDL R+D Q
HPLVVLRQV SDWWHUQV

33. 'RZzQ VFDOHG SURMHFWLRQV DUH REWDLQHG XVLQJ D VWDWL"
vVSDWLDO GLVDJJUHJDWLRQ %&6' DSSURDFK ODXUHU DY&HLGDO
&0,3 PRGHOV IRU ZKLFK GDLO\ SURMHFWLRQV ZHUH PEQWHWYWLOD
7KH VWDWHG SXUSRVH RI WKH *''3 LV 3« MEBKSURYRGNK WL RRQW ERIDYOF
FOLPDWH FKDQJH SURMHFWLRQV WKDW FDQ EH XVHG WR HYDOXDYV
WKDW DUH VHQVLWLYH WR ILQHU VFDOH FOLWBWRIJUWDGSE®L HR@WROD B
FRQGLWLRQV®™ 7KUDVKHU DQG 1HPDQL

34. *"'3 SURMHFWLRQV DW GDLO\ WLPHVWHS ZHU N HLR/ZHWD RROG Bl &/ HY
RI VL[ UDVWHUV FRUUHVSRQGLQJ WR WKH ORFDWV R@G RF DIAN & R
J)LJXUH 'DWD IURP DOO DYDLODEOH *&0V ZDWY B®RAQ \O R B @/H® PE X
WKDW SURMHFWHG YDOXHV SURGXFHG E\ RQH RI WKHNQIGPRIBHOV $
H[FOXGHG IURP VXEVHTXHQW DQDO\VLV (VWLP DRWUHV WSHISHIVHAMHVDHNK

*&0V LGHQWLILHG VXEVHTXHQWO\ LQ 7DEOHDQ\VWRIVWRKUEB ERGNO
VKDUH VSHFLILFDWLRQ HJ 0,558 & 0DQRI WUHBYHVHQW WZR G|
UHVROXWLRQV HJ ,36/ &0 $ /5 DQG ,36/ &0 $ 05

35. 7KH 1$6% 1(; *''3 GDWD DUH XVHG IRU WZR SXUBRINUBINFWKMH LU]HJ\
SURMHFWHG FOLPDWH FKDQJH LQ WKH SURMHFW LWQHILIKQ DQ\G RP R/
UDQJH RI XQFHUWDLQW\ FKDUDFWHUL]JLQJ IXWXUMHVOLP H\VWAUHRH

7 $OWKRXJK UHODWLYHO\ RSWLPLVWLEVWSHQW 2L \@K VIORE B B OMVK/SIHUDRIXUH LQF Ut
RU OHVV DV WDUJHWHG E\ WKH 3DULV $JKLHHKPH@RD X G HV 2QHIPIREYEMBK R ID&R2P RV SKH U F
LV IXOO\ FRQVLVWHQW ZLWK WKH 3DULV RXWFRPH

8 SOWKRXJK *&0V W\ASLFDOO\ UXQ DW W RXRMWR D OO R RGHIHQ Y WHHRWWEBE PDNH GD
DYDLODEOH



HYHQWY DW GDLO\ WLPH UHVROXWLRQ 7ZR RMULFEHRWKUILRBA\VYHVH7
KLVWRULFDO SHULRG LV GHILQHG DV -DQXDU\ SHHUHERGBHHWU-DQXDQ!

'"HFHPEHU ERWK \HDUV W LV LPSRUNBGW MRH VRARWGHNO
VLPXODWHG VR WKDW DQ\ SURMHFWHG FKDQJHV LQ ¥VFRDRPRWLF Y|
PRGHO UHVXOWY ZLWK PRGHO UHVXOWYVD UWFRP S UIHVURER Wl FPHRIGLHRGS U
ZLWK REVHUYDWLRQ )RU WKH SURMHFWLRQ SHULRG 5%V BURMH
IXWXUH ZLWK PRUH H[WUHPH FOLPDWH FKDQJH WKDQ 5&3 E X\
FRQVLVWHQW ZLWK D SUHFDXWLRQDU\ DSSURDFK VLQFMKIHW LV Q
UHVSHFWLYH OLNHOLKRRGV RI HDFK RI WKH 5&3V

36. 3ULRU WR SHUIRUPLQJ DQDO\VLV WKH D RIQMVLWARRU HBKIR GLX F
KLVWRULFDO REVHUYHG FOLPDWH ZDV HYDOXDWHG &RMSDULVRQ
SUHFLSLWDWLRQ DW PRQWKO\ UHVROXWLRQ EHWZ® FHRE VIHUNBMW LR\D
DW -LQDQ DQG LL WKH DYHUDJH RI GRZQ VFDOMRI&AWQDQ WK MW
FHQWURLG ORFDAWHB®W R1 /DW 5HVXOWV IRUWHPSHUDWXUH FRP
JLIXUH D DQG IRU SUHFLSLWDWLRQ LQ )LIXUH E

JLIXUH $ OHDQ ORQWKO\ 7THPSHUDWXUH IURP 2EVHUYDWLRQV D

OXOWL PRGHO $YHUDJHR& LQ
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37. ‘:LWK UHVSHFW WR WHPSHUDWXUH WKH PXOWL PRGHO HQVH

REVHUYDWLRQ ZHOO ZLWK WKH FDYHDW WKDW WGRH RMHUOBQF W ISH
KLVWRULFDO EDVHOLQH IRU PRGHO VLPXODWLRY\DWVHFRODWDHGRQG
-LQDQ 7KH 1(; *'3 HQVHPEOH PHDQ VKRZV D VPDOO SRVLWLYH E

R& RYHUDOO DQG UHDFKLQJXEDLBDGHBXWPHREHU :LWK UHVSHFW WHR
RYHUDOO SDWWHUQ ILW LV JRRG DOWKRXJK WRHEVBWVHEVH/ RABRQKI
SUHFLSLWDWLRQ IRU WKH EDVHOLQH SHULRG LWK R \HDRP \HDU
EDVHG RQ KLVWRULFDO REVHUYDWLRQ DW -LQDQ ,Q SDUWLFXO!
SUHFLSLWDWLRQ GXULQJ WKH SHDN UDLQIDOO PRRYWHKW R L-QF E\RINXK
FDVHVY WKH REVHUYHG VHDVRQDO SDWWHUQV DUH ZHBD GNILBNBDWH
WKLV LV DQWLFLSDWHG VLQFH WKH 1(; *'3 SURMHWWH REDW IK\D RH E
KLVWRULFDO GDWD DOWKRXJK QRW QHFHVVDULO\ RQ WKH EDVLV |

38. 7KH XVH Rl PRGHO HQVHPEOH PHDQ UHVXOWYV RDDFGRVYXLVH
LQGLYLGXDO PRGHO SURMHFWLRQV 8QGHUVWDQW L ¥IQFKLVW QW HRU
ZD\ Rl YLVXDOL]LQJ WKH XQFHUWDLQW)\ DW)\W H QH®LFXKJ R KRVGKHIGIVF O L P T
PHDQ DQQXDO FRQGLWLRQV ZHUH FDOFXODWHG IRU ERWK EDVHOLC
SHULRGY DQG WKH FKDQJHV ZLWK UHVSHFW WR VRRXQ CD/QH)X P®I D C
SUHFLSLWDWLRQ FDOFXODWHG )LJXUH QGRIMNL.SXD\Y RRKGHH 0N VZLONKV |
FKDQJHV LQ DQQXDO SUHFLSLWDWLRQ H[SUHVVHG DV D SHUFHQWTE
DQG FKDQJHV LQ PHDQ DQQXDO WH®SHUHNVWXWN HJSURVUVWEH. Q NP
SL[HO FRQWDLQLQJ -LQDQ PHWHRURORJLFDO VWDWLRQ

96LQFH LQWHU PRGHO YDULDELOLWN RRSXWXHMVRM XOW HRIQWD RQ WX D@ UIEW XUH FOLI
GLVSOD\HG KHUH VKRXOG EH XQGHUWQBGRRG WY H SR\ H RV LADRY HEX RXQNQRZQ UL
JLYHDQYVXPSWLRQV FRQFHUQLQJ *+* HPLVVLRQV



39. 7KH IROORZLQJ FKDUDFWHULVWLFV DUH QRWH® DIQUXADODOO
WHPSHUDWXUH UDQJLQJ IU& &WR MAORB\OMIDERWHYHO\ DSSO\LQJ WR

* ¥ 6HFRQG ZKLOH PRVW PRGHOV RXW RI SURMHFW LQF!
D PLQRULW\ SURMHFW GHFUHDVHV +RZHYHU WKH P NHODMXIGH RNV R
KLVWRULFDO EDVHOLQH IRU DOO EXW RQH RI WKH BRGGID % SRR NHW
LQFUHDVHY FDQ H[FHHG $FURVV DOO GRZQ VFDOHG PRGHOV |
LQ DQQXDO SUHFLSLWDWLRQ DYHUDJHG DURXQG ZKLOH FKDQJ
DURXQ®™ 5HFDOO WKDW E\ PLG FHQWXU\ WKH YDULRXV HP
GLYHUJH DQG 5&3 XVHG KHUH ZLOO EH DVVRFLDWHMVXUWK WK
IURP DPRQJ WKH YDULRXYV 5&3 VFHQDULRYV

YLIXUH ,QGLYLGXDO ORGHO 3URMHFWLRQV Rl $QQXDO &KDQJ
7HPSHUDWXUH SL[HO FHQWURLG ( IRQ 1 /DW
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3.4 Changes in Extreme Precipitation Events

40. YURP WKH SHUVSHFWLYH RI IORRG KD]DUG DQG ULVN FKDQJH\
WR EH PRUH LPSRUWDQW WKDQ FKDQJHV LQ DQQXDO RU VHDVRQD!
ODWWHU DUH SURIRXQG 2QH DSSURDFK FRQYHQWLRQDOO\ XVH{(
IUHTXHQF\ TXDQWLOH RU GHVLJQ HYHQW DQDO\VRXP ,QHWKHV BSS
GDLO\ SUHFLSLWDWLRQ LV XVHG 7KH GD\ Rl JUHDWHVW SUHFLSLW
LV LGHQWLILHG DQG D VWDWLVWLFDO GLVWD [IEPOV L2RQ WK HI LEVDW H\G
WKLV SDUDPHWULF GLVWULEXWLRQ HYHQWYV IK®JY LQJDDJYBHBLIHMDC
TXDQWLOHVY FDQ EH HVWLPDWHG

0 $SSUR[LPDWH PLG SRLQWV Rl WKH EDWHOHWIHBYGYHORMHFWLRQV SHULRG



41, 7KH GDLO\ SUHFLSLWDWLRQ UHFRUG IRU -RQDQ YG&VBRQWQQ XR X
DQG WKXV VXSSRUWV D FUHGLEOH DQDO\VLV EDWHG® I RDQ QLWDWH G
PD[LPXP GDLO\ SUHFLSLWDWLRQ HYHQWV LV SUHVHQWHG LQ )LJIXU

42. 'DLO\ PD[LPXP SUHFLSLWDWLRQ TXDQWLOHV ZHUH HVWLPDW
JHQHUDOL]HG H[WUHPH YDOXH GLVWULEXWLRR/ PRPHYWUP B RNHNGL R
DQG :DOOLV 'XH WR WKH H[WUHPH LQIOXR@ RAMKRI WWKHN D\DW

SURSHUWLHV RI WKH *(9 GLVWULEXWLRQ HVWRDODWHY ZHHHX O W/FF
DSSHDU LQ 7DEOH

7DEOH (VWLPDWHG 4XDQWLOHV RI $QQXDO 'DLOAL@D@QPXP 3UHF

$00 REVH! HYH
Q H[FOXGHG Q

OHDQ

6WDQGDUG 'k
\HDU S
\HDU S
\HDU S
\HDU S
\HDU S

43. 2EVHUYDWLRQV DW -LQDQ VWDWLRQ DUH FRQIQWHGHWHK WEIH K
DVVRFLDWHG ZLWK IXWXUH FOLPDWH FKDQJH PXVW &EKDRRDNH® RQ
WKH DQQXDO GDLO\ PD[LPXP SUHFLSLWDWLRQ T X D3ZHOWVOMH ¥ HDW K RHGV
7KH GHOWD PHWKRG LQYROYHYVY HVWLPDWLQJ FKDQJHY REgWXON¥D
DQG DSSO\LQJ WKH HVWLPDWHG FKDQJHV WR WKHUREN HLPRI@I GDV
RWKHU DVVXPSWLRQV WKDW DQ\ PRGHO ELDV UHODWLDWY WIRHREVH
SHULRG RI SURMHFWLRQ LV H[WHQGHG 7R DSSO\ WKWDRHWIQR G

TXDQWLOHYVY DUH HVWLPDWHG IRU WKH DQQXDO PD[LERWK/ AMKHV F
KLVWRULFDO SHULP®G WKH SURMHFWLRQ SHULRG $Q\ F

DVVXPHG WR DSSO\ WR ERWK SHULRGV QRWHRIQDVWKRMW H¥KH G (] RU
KLVWRULFDO SHULRG

44. W LV ZHOO XQGHUVWRRG WKDW *&0V LQ JHQHUDXOGWHRIG WI
HIWUHPH HYHQWV GXH WR FRQVWUDLQWY LPSRVHG E\RWKH SK\V
JHQHUDWLQJ FRQGLWLRQV ZLWKLQ WKH PRGHOV 4XDQWQOHV Zt
SURMHFWLRQV XVLQJ WKH VDPH PHWKRGRORJ\ /*RPR BH W UV L BXWIDR/Q
XVHG IRU WKH VWDWLRQ REVHUYDWLRQDO GDWD36HQG FR3 HDFK RI
HQVHPEOH RQH PRGHO ZDV HOLPLQDWHG EDVHG RQ BBLEHWHH RI
WKDW WKH PRGHO JHQHUDWHG GDLO\ UDLQIDO QGQ PO LB DWXGEH L\ G Bi(
REVHUYDWLRQDO UHFRUGV 7KH ELDV LV DVVXPHG SURBMNMQIQIX ER
RQO\ FKDQJHV DUH FRQVLGHUHG LQ VXEVHTXHQW DQDO\VLV



45. S5HVXOWV Rl WKH TXDQWLOH HVWLPDWLRQ SURFHGXW®DWDUH SU
DQG \HDU HYHQWYV ,W LV VHHQ WKDW LQ DR ®RNKHDEDY ED RH \F OT)
PRGHO VLPXODWLRQ RXWSXWV DUH VLJQLILFDQWO\ OHVV WKDQ \
VWDWLRQ GDWD FRQVLVWHQW ZLWK ZKDW LV NQR,Z\Q LDVER® WRWHKHH €
WKDW QRW DOO PRGHOV SURMHFW WKDW H[W WHKCRIX BIK RACKVAV P DLVOROU |

GR VR URXJKO\ RXW RI PRGHOV VLPXODWH DROFOHDN HWY H QDWIK !
RYHU DOO PRGHOV WKH \HDU HYHQW LQFUHDVAHVWBRYRGIKO\

DQG WKH \HDU HYHQW E\ DURXQG UHODWLYH WR WKH VLPXO
46. W LV DQWLFLSDWHG WKDW D ZLGHO\ GLVSHIHIMHCH VY DRUBGORE'!

REVHUYHG LQ D ODUJH HQVHPEOH (DFK PRGHO JWHQHUIPVBIDE W IUDH R
DQG WKH DGYDQWDJH RI ORRNLQJ DW WKH UHVKDW W RP H @ YHHQNDHF
VHQVH RI WKH PDJQLWXGH Rl FKDQJH FDQ EH RENWWDYH®R NHDM M
YLHZ

47. SHVXOWY DSSHDULQJ LQ 7DEOH DUH SUHVHQWHG JUDSKLFD(
J)LIXUH E \HDU DQG )LJIXUH F \HDU K YSHURWI\H F WY & FF® D IO\
DQQXDO SUHFLSLWDWLRQ )LJXUH WKH QXPEHU RI PRGHOV
SUHFLSLWDWLRQ TXDQWLOHV H[FHHG WKH QXPEHU SBBERMHAWWQJ
LQFUHDVHYV DQG WKH W\SLFDO PDJQLWXGH RI SURMWMHRWIEE IRQFU I
SURMHFWHG GHFUHDVHYV

7TDEOH $QQXDO OD[LPXP 'DLO\ BUHFLSLWDWLRQ 4XD@MIGOHV (VW
&OLPDWH 6LPXODWLRQ ORGHOV

20-year Daily Ppt 50-year Daily Ppt 100-year Daily Ppt

GCM Historical Projected % Change Historical Projected % Change Historical Projected % Change
BNU-ESM 53.9 55.6 3.2% 63.358 60.547 -4.4% 71.1 63.7 -10.3%
CCsM4 75.4 101.9 35.2% 80.840 112.140 38.7% 84.1 118.8 41.3%
CESM1-BGC 84.3 100.8 19.6% 93.847 116.880 24.5% 100.3 128.7 28.3%
CNRM-CM5 85.2 103.3 21.3% 96.337  114.930 19.3% 104.3 122.6 17.6%
CSIRO-Mk3-6-0 72.2 93.2 29.0% 84.399  112.080 32.8% 93.5 127.3 36.2%
CanESM2 45.6 73.2 60.5% 53.153 88.615 66.7% 59.2 101.5 71.3%
GFDL-CM3 85.9 74.5 -13.3%  105.270 86.596 -17.7% 121.1 96.2 -20.6%
GFDL-ESM2G 63.5 76.8 21.0% 74.223 90.590 22.1% 82.6 101.6 23.1%
GFDL-ESM2M 59.6 55.9 -6.2% 65.101 59.598 -8.5% 68.7 61.8 -10.0%
IPSL-CM5A-LR 65.8 95.2 44.7% 82.850 124.460 50.2% 98.6 151.1 53.2%
IPSL-CM5A-MR 77.3 93.4 20.7% 98.846  114.540 15.9% 118.7 132.6 11.7%
MIROC-ESM-CHEM 55.6 76.4 37.4% 63.847 97.089 52.1% 70.0 115.5 64.9%
MIROC-ESM 55.3 54.4 -1.7% 62.933 62.607 -0.5% 68.6 68.9 0.5%
MIROC5 65.6 1145 74.6% 72.787 131.620 80.8% 77.8 144.1 85.2%
MPI-ESM-LR 73.1 97.5 33.4% 84.221 110.830 31.6% 92.3 120.0 30.1%
MPI-ESM-MR 75.0 71.9 -4.1% 87.435 91.754 4.9% 96.9 110.1 13.6%
MRI-CGCM3 99.1 113.8 14.8% 110.700 131.240 18.6% 118.7 144.0 21.3%
NorESM1-M 59.1 86.6 46.5% 62.155 105.730 70.1% 63.9 121.9 90.9%
bce-csmi-1 64.8 65.2 0.5% 78.075 72.896 -6.6% 88.8 78.1 -12.0%
inmcm4 83.9 81.7 -2.6% 98.661 90.275 -8.5% 109.9 95.8 -12.8%
Mean of Models 21.7% 24.1% 26.2%
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J)LIXUH & &KDQJHV LQ WKH 6LPXODWHG <HDU $QQXDO OD[LPX
FRPSDUHG WR

,PSDFWV RQ )XWXUH )ORRGLQJ

48. $V QRWHG LQ 6HRWQREFRQVLGHUDWLRQ RI EDVLF SK\VLFDO SU
RQ KLVWRULFDO FKDQJHV LQ SUHFLSLWDWLRQ LSRWMAKQNMA WE DPA
UHJLRQDO FOLPDWH FKDQJH ZLOO EH DFFRPSDQLH® EQ LLVP¥GH RIH V
IORRGLQJ WKH HYLGHQFH WR GDWH LV VFDUPH DG HDIXARK ROAMH U
LV VXPPDUL]JHG LQ WKH ,3&&TV V W X(GW BIOHPGID (VL IDQ WWK B GG V NWDR
WR $GYDQFH &OLPDWH &KDQJH $GDSWDWLRQ  FRKMRQ B0 RD WU |
VHFWLRQV S DUH TXRWHBSKOVXKQ ®®EHBOORZV

49. 37KH QXPEHU Rl SURMHFWLRQV RI IORRG PDJQWW3G HO DRIGN HG:
UHJLRQDO DQG FRQWLQHQWDO VFDOHV 3URMHFWLRQV DW WKH

DEXQGDQW LQUMNKIHZBMHBWFLHQWLILF OLWHUDWXUH HVSHFLDOO\ |
1RUWK $PHULFD ,Q DGGLWLRQ FRQVLGHUDEOH XQFRIRIGVBKQQJIHM F
HVSHFLDOO\ UHJDUGLQJ WKHLU PCHQHMYGH QG OVHWAXURRQW LV
LV ORZ FRQILGHQFH GXH WR OLPLWHG HYLGHQFH L& DQMWGXUH Fk
IUHTXHQF\ GHULYHG IURP ULYHU G LMPKDUWW K HWDIHPVYO DOW. ZPW D U J
. XQG]HZLF] HW DO DQG %DWHV HW DO W KSIKWV ISFUIRQVI HUFHVD N
LQFUHDVHV LQ KHDY\ UDLQIDOO LQ VRPH FDWFKPHQW® RDLQHJILRQ
JHQHUDWHG ORHODX®RRQM GHQFRWH WKDW KHDY\ SUHFLSLWDWLR
WR LQFUHDVH GHVSLWH D SURMHFWHG GHFUHDVH RILWRWDO Sl
FRQVLGHUHG DQG WKDW FKDQJHV LQ VHYHUDO YRHQBEOB®G H J
LQWHQVLW\ VQRZ FRYHU DQG VQRZPHOW VRLO PRL&RXIUBHRBH Ut
LQ FKDQJH LQ RQH RI WKHVH FRPSRQHQWY DORQH PB\UWMKKV VDR W
FKDQJHV LQ IORRG HRFFKURM®EXP FRQILGHQFH LV DWWDFKHG WR W



EDVHG RQ SK\VLFDO UHDVRQLQJ DOWKRXJK WKH OLQN EHWZHHQ
LQFUHDVHYVY LQ ORFDO IORRGLQJ VHHPV DSSDUHQW

50. 3,.Q VXPPDU\ WKHUH LV OLPLWHG WR PHGLXP CHANH GHIQLFHH @ Y
REVHUYHG FKDQJHV LQ WKH PDJQLWXGH DQG IUHTXHQFNKH IORRC
DYDLODEOH LQVWUXPHQWDO UHFRUGV RI IORRBH DWG JWKBH VDADG
EHFDXVH Rl FRQIRXQGLQJ HIIHFWV Rl FKDQJHV LQ OB QW KHUH OLYG
ORZ DJUHHPHQW LQ WKLV HYLGHQFH DQG WEREDRYNEDOB ORIDEF
HYHQ WKH VLJQ RI WKHVH FKDQJHV 7KHUH HG GREIZGHRFIH G MXKMD
DQWKURSRJHQLF FOLPDWH FKDQJH KDV DIIHFWRBGNK M RRIQK W XG I
GHWHFWDEO\ LQIOXHQFHG VHYHUDO FRPSRQHQWYV RI WKH K\GURC
VQRZPHOW PHGLXP FRQILGHQFH WR KLJK FRQILGHGBRMHHAWRHRIK PD
SUHFLSLWDWLRQ DQG WHPSHUDWXUH FKDQJHV LPSO\ SRVVLEOH FK
WKHUH LV ORZ FRQILGHQFH LQ SURMHFWLR @R QILEBKIFH VVLQR D G
OLPLWHG HYLGHQFH DQG EHFDXVH WKH FDXVHV RI UMEHR®DDUFK D
H[FHSWLRQV WR WKHUNWDBWHBHR®W FRQILGHQFH EDVHG RQ SK\VLFI
SURMHFWHG LQFUHDVHV LQ KHDY\ UDLQIDOO ZRXOG FRQWULEXWH
IORRGLQJ LQ VRPH FDWFKPHQW VHRIUVSHILRIQYHDN IORZV LQ VQRZF
IHG ULYHUV DUH YHU\ OLNHO\ EXW WKHUH DVQARZXBRIQILGHQFH LQ

5. $V D FRQVHTXHQFH DOWKRXJK DQDO\VLV FRQGXFWHG IRU WKI
WKH PDJQLWXGH RI ODUJH SUHFLSLWDWLRQ HYHQWYV GDQG\ PD]

\HDU DQQXDO UHFXUUHQFH LQWHUYDOV L O "“A/HKGWNXLQ JHHRID W LW
KLVWRULFDO FRQGLWLRQV LW FDQQRW EH DVVXPHGLWRDWDNHREG\
FRUUHVSRQGLQJ DPRXQWV SDUWLFXODUO\ LQ WKH PENGQFH RI
+RZHYHU D SUHFDXWLRQDU\ DSSURDFK VHHPV DSSURSW.IDMAH SDU
DQG LUUHGXFLEOH XQFHUWDLQW\ 7KH FRQVHTRIFQHFABY HJV LOQL OQRR
KD]DUG VKRXOG WKH\ LQ IDFW RFFXU OLNHO\ H[FHHG FRR®W DVVRF
ZKHQ WKH\ VXEVHTXHQWO\ IDLO WR PDWHULDO L]HKHUMHERIRIV WIKEO \
UHFRPPHQGDWLRQ RI WKLV VWXG\ WKDW SODQQHUV DQAWXRGHM) F U |
RI EHWZHHQ DQG UHODWLYH WR HVWLPDWHV EDVHBREQ WKI
ZKHQ GHVLJQ GHFLVLRQV UHTXLUH H[SOLFLW FRQVLGHWBVWLRQV
DQDO\WLV VKRXOG VXSSRUW DQ\ VXFK GHFLVLRQV ZKHUH DGDSWDW
DQG DQDO\VLV RI WUHQGYV LQ ERWK SUHFLSLWDWLRQ DQG IORRGL(

JORRG 5LVN OLWLJDWLRQ (IIRUWV LQ -LQDQ

52 7KH 6KDQGRQJ 6SULQJ &LW\ *UHHQ ORGHUQ 7UROWHD ®XSRHWR
VHFWRU SURMHFW DQG LW LV XQUHDVRQDEOH PMHR WRIF GHIUWW K D
EH FRQGXFWHG LQ -LQDQ VROHO\ WR DGGUHVV | ORIRREQ UMV N VWRR!
GHVFULEH IORRG FRQWURO DFWLYLWLHV LQ -LQDQ HLWRBUHGRPSO
WKDW ZRXOG DFW WR PDQDJH IORRG UHO DWHG VUHL \DNFW MYR WAL IKI Y

XQGHUWDNHQ IROORZLQJ WKH VHYHUH DQG FRQOGRRWHGY WRWHR X
WKH 6SRQJH &LWLHV SLORW SURJUDP GHVFULEHG VXEVHTXHQWO\



'HVFULSWLRQ RI 'UDLQDJH ,PSURYHPHQWV LQ -LQDQ

53. .0 WKH FLW\TV IORRG FRQWURO DQG GUDLQD®H EDSBBLWL
+XDQJWDLQDQ GLWFK DQG D WRWDO RI VHYHQ ULGH®BRY ZHNF RHKD
UDLQZDWHU SLSHOLQHV DQG ZDWHUORJJLQJ SRLQWVQ7KH XUE
HQJLQHHULQJ PHDVXUHV ZHUH VWUHQJWKHQHG W RDI®QDN/K® HWLIRI G B\
NP RI ULYHU ZDV UHKDELOLWDWHG FRQVLVWLSLIS RO LGHYG DY)
ZDWHUORJJLQJ SRLQWV 7KH FLW\TV IORRG HPHUJHQF\ UHVSRQV

54.  ,Q -LQDQ GHY${OFRSHGHADVH &RPSUHKHQVLYH ODQDJHPHQW
3URPRWLRQ OMD¥PQHRXQLFLSDO LQIUDVWUXFWXUH FRQVWUXFWLR
WKUHH ULYHUV GUHGJLQJ ULYHU FRXUVHV ZKLURK W RXEWDH G7 KK H
FLW\ DOVR FRPSOHWHG UHKDELOLWDWLRQ RI QJ ZDNWWVH X ORDI. QO RF
FRQWURO DQG GUDLQDJH FDSDFLW\ 7KH FLW\fV VHZDMK®IQSH QH

NP RI VHZDJH SLSHOLQHV ZHUH PDLQWDLQHG 7K®RIREGY AR OGN WR B
KHDGTXDUWHUV ZDV VWUKEQEW® H®HRR GD @G LMWLV BGDQLQDQ DO
GHYHORSBBGXDO RI 8UEDQ JORRG &RQWDRGLEHOLAAW\ RBIODLEDQ )C
&RQWURO &RPPDQG DG@BBPH VBSPWEFKLWLHY RQ ULYHUV UHJXODWL
ZDWHUORJJLQJ DQG GUDLQDJH QHWZRUN GUHGJLQJ ZHHHW FRPSC
PDQDJHUV ZHUH PDGH UHVSRQVLEOH IRU HOKDQFLQHPMIQW HRHF W L
WKDW LW FDQ ZLWKVWDQGLQJ D QXPEHU RI KHDY\ UBDWQIDOO HYHQ

55.  ,Q -LQDQYV ULYHU IORRG SUHYHQWLRQ ZDV VXBMWKH U LP S
ZLGHQHG DQG UHKDELOLWDWHG DQG GDQJHURXV HPEDQNPHQWYV
WRWDO RI RI UPYHU VLOW ZDV UHPRYHG WR LPSURYH ULYHU GUDL
PDQDJHPHQW DQG UDLQZDWHU XWLOL]JDWLRQ UHVHDUFK ZHUH VWL
UHFODLPHG ZDWHU LQWR ULYHUV ZDV VWULFW® U SWHREDR WHEHIX Q)FR/F

IORRG FRQWURO ZDWHU UHWDLQLQJ DQG HFRORJLFINQYBIDQGVF
LPSURYHPHQW RI ULYHUV DQG FKDQQHOV GUDLQDZR BNV SDWQEGD W L
GUHGJLQJ Rl ZDWHUORJJLQJ SRLQWV GHWH QW IFRR@ GLRMLARQ \Z H
5DLQZDWHU DQG IORRG FRQWURO DQG XWLOL]DWLR® DHWIFXH SUR
SURMHFWVY ZHUH FRPSOHWHG 30DQQLQJ DQG GHVLHFWIZIVKH /R
FRPSOHWHG DQG FRQVWUXFWLRQ VWDUWHG

56. ,Q -LQDQ IORRG FRQWURO ZDWHUORJJLQJ DRSUBYBGQDJ!
DQG HQKDQFHG /RQJML 5LYHU IORRG FRQWURO SURMHBPWGZDV F|
PHGLXP VL]JHG EULGJHV DQG NP RI ULYHU UKHXOBRWGRQJ BUREWOHF
-LQDQ &LW\ LQ UDLQIDOO VHDVRQ 7KUHH GUDLQIDQH SRREW QY IZHWIB
LPSURYHG 7ZR ROG XUEDQ DUHDVY GUDLQDJH V\VWHP ZHUH LPSUF

57. , Q -LQDQ ZzDV VHOHFWHG DV D VSRQJH FLW\PDOINRWAD RBRY L ¢
FKDQJHV LQ WKH FLW\fV GHYHORSPHQW PHWKRWROBO®\ HDFRR3 RUR FI
LPSURYHPHQW $V WKH VHFRQG SLORW FLW\ VHOHMHWHIGNLE VW KHY F
VI\VWHPV DQG SURMHFWYV ZHUH FRPSOHWHG EBQ<WKHEBQORRQDUF
'"HPRQVWUDWLRQ SURMHFWYV ZHUH ILQLVKHG LQFOXGL@LWMDQJ /
+HDGTXDUWHUV 6HZDJH WUHDWWHRQMP $URLYHLGN LB\ [ZHRISU RY HPHQV

1 7KLV DQG WKH IROORZLQJ VHFWLRD F B Q R/'DILGH BD B HILIQDIGWD RHZKHFR XKUY H EHH Q
LQFOXVLRQ LQ WKLV UHSRUW $FNQRZDEGBRPMWYWEXWR RQ Y WD RVKRY K MX B\



ZHUH LPSOHPHQWHG WR LPSURYH SROOXWLRQ FRQWUROLWLYHU |1
DQG ODQGVFDSLQJ $ SURMHFW WR FRQYHUW VXUIDFH ZDWHU WR

58. ,0Q -LQDQ YLJRURXVO\ SURPRWHG WKH VSRQOHVRUVO\J FIRQF
JUHHQ DQG HFRORJLFDO VSULQJ FLW\ $ FRPSUH KWHQADLW H FAMWLYDHMVD M
LPSOHPHQWHG 7KH PXQLFLSDO JRSHWQRBYW2RIWKH LP/S/OHIRBH QW
&RPSUHKHQVLYHO\ 3URPRW LIQ&WRHPZIRQHY BXQRII &RQWURO DQG
5HIXODWLRQV 2Q &RQVWUXFWLRQLQDRMBE SR Y ESWIHTKDD) GRINALYD O
30DQQLQJ 2Q 6SRQDH) & LRW KBHLO RWUHJXODW LSR@RW, D WHKDH WKR FLW
VIVWHP JUHHQ VSDFH WUDIILF FRPPXQLW\ EXLOGISQRMDBBWRDBDF
VWDUWHG LPSOHPHQWDWLRQR$PRQJ RMKMRH WRW®O DUHD ZHUH FR
LQYHVWPHQW RI &1< ELOOLRQ DFFRXQWLRDGRUDW RIVWRRWDIOOL
RI NP ZHUH XSJUDGHG 9LD QLQH EDWFKHV RI UDE\DHV/WWROWPL R Q G
WKH SLORW DUHDYTV IORRG ZDWHUORJJLQJ LV\HOMH KTR® @ KWE G1 IUH
ZHUH FRPSUHKHQVLYHO\ LPSURYHG $PRQJ KHDYLO\ ZRSWHU SRO
DUHD ZHUH LPSURYHG DUH XQGHU FRQVWUXFWLRGHDIQ® IRU
DQG WHQGHU KDYH EHHQ DFFHOHUDWHG 8UEDQ R HZPI3IUR WH HDKWP H
SURMHFW WR FRQYHUW IURP VXUIDFH WR JURXQGXDM HWU WSKJ RAVRHAF
ZDWHU WUDQVIHU FDSDEDWHRWDEOLWKHG WR HIITHFWLYHO\ XWLOL]
DQG WR HQVXUH FRQWLQXDO GLVFKDUJH RI VSULQJVVIR®JIHUHGX
FLW\ JURXQGZDWHU VXSSO\ K\GUDXOLF PRGHO ZDV GHYHORSHG W
DFFXUDWHO\ GHYHORSLQJ JURXQGZDWHU FRQYHUVLRQ

'"HVFULSWLRQ RI 'UDLQDJH 6\VWHP ,PSURYHPHQW 3URMHFWV 3R\
59. 7KH IROORZLQJ DFWLYLWLHY KDYH EHHQ LQHWVWH FFWHASOFHRWWG L

0] 4ALDQIRVKDQ HDVW URDG DERXW NP LQ OHQJ®HKZ VSRQ

SLSHOLQHV PDLQO\ LQFOXGLQJ UDLQVWRUP ZDWHU VXS

RMH UV SDYHPHQW UHVWRUDWLRQ 6SRQJH &LW\ SLORW

UXQRII FRQWURO DQG XWLOL]JDWLRQ SURMHFW LQLWLDWI

(ii) 4LDQIRVKDQ ZHVW URDG DERXW NP LQ OHQJQMHKZ VSR

SLSHOLQHV PDLQO\ LQFOXGLQJ UDLQVWRUP ZDWHU VXSS

KHDWLQJ DQG RWKHUYV SDYHPHQW UHVWRUDWLRQ 6SR

(i) -LGD URDG UHFRQVWUXFWLRQ SURMHFW LQLWLDWHG )HE

6KXQJHQJ URDG P ORQJ LQFOXGLQJ VSRQJH FLW

PDLQWHQDQFH DQG UHFRQVWUXFWLRQ LQVWDOODWLRQ

ZDWHU VXSSO\ DQG RWKHU SLSHOLQHV VXSSRUWLQJ WUTL

(vy :DQVKRX URDG UHFRQVWUXFWLRQ SURMHFW LQLWLDWHG

BKXQJHQJ <LQJ[LRQJVKDQ URDG P ORQJ LQFO

UHKDELOLWDWLRQ URDG PDLQWHQDQFH DQG UHFRQVWI

VHZDJH KHDWLQJ JDV ZDWHU VXSSO\ DQG RWKHU SLS
LQIUDVWUXFWXUH

(v) XUEDQ PXQLFLSDO IDFLOLWLHYVY PDLQWHQDQFH HPHUJ

SURMHFW LQLWLDWHG $SULO DQG HQGLQJ ODVOH U

URDGV LQ -LQDQ GUDLQ SLSHOLQHV GUHGJLQJ FKHFN

DFFRUGDQFH ZLWK GDLO\ PDLQWHQDQFH SODQ RI PXQLFL

(i 20G XUEDQ DUHD GUDLQDJH LPSURYHPHQW SURMHFW L

UDLQVWRUP DQG VHZHU SLSHOLQHV UHKDELOLWDWLRQ D

-LQJ\L URDG DQG :HLOLX URDG DQG RWKHU DFWLYLWLHYV



(vil -LQJOLX URDG PDLQWHQDQFH SURMHFW LQLWLDWHG
UHFRQVWUXFWLRQ RI ROG XUEDQ DUHD GUDLQDZH IDFLOL
WUDIILF SROLFH IDFLOLWLHYV

(vii) +RQJMLDORX QRUWK URDG VHSDUDWHG GUDLQDJH V\VW
FRPSOHWHG 0D\ EXLOW D UDLQZDWHU SLSHOLQH RI
QRUWK

(x) &DLVKL DUHD URDG UHKDELOLWDWLRQ SURMHFW LQLWLIE
DQG VHZDJH GUDLQDJH WR FRPSOHWHO\ VROYH WKH IC
VIVWHPV DQG URDG ZDWHUORJJLQJ SUREOHPYV

(x -LQDQ &LW\ RYHUDOO XUEDQ SODQQLQJ DSSURYF
BWDWH &RXQFLO 'HILQHV WKH IXWXUH RI -LQDQ XUEDQ S
LPSRUWDQW DVSHFWV 7KH FLW\ LV GLYLGHG LQWR ILYH I
DUHD LQ PRXQWDLQ DUHDV LQ WKH VRXWK RI WKH FLW\
DJULFXOWXUDO DUHDV FRDVWDO ZHWODQG FRQVHUYDW
QRUWKHUQ SODLQV DJULFXOWXUDO DQG IRUHVW HFRORJL

5. SUMMARY, OBSERVATIONS AND RECOMMENDATIONS

60. 7KLV UDSLG FOLPDWH ULVN DVVHVVPHQW IRU WKH OKDQGRQJ
%XV '"HPRQVWUDWLRQ 3URMHFW WKH 3URMHFW KIDIR EHRHDQV FR QLOM\F
UDWLQJ DVVLIJQHG WR WKH SURMHFW E\ $:$5( \QRU HDHE QUK 2 @ HDIO
GRFXPHQWHG KLVWRU\ Rl VHYHUH IORRGLQJ LQ -LQID® R DHVUWKKH (
VLQJOH JUHDWHVW VRXUFH Rl ULVN WR WKH SURMMEWDDWVVRFL
FRQVLGHUDWLRQ LQ IRFXVLQJ RQ IORRGLQJ ULXGWLSW KDIR Y@/ D WD
FOLPDWH PRGHO SURMHFWLRQV VXJJHVWV WKDW WKH KHDK'\ RQH
PRVW RI WKH UHFHQW VHULRXV IORRGLQJ LQ -LGD® WHRW GFHM.DY
OLIHVSDQ SUDFWLFDOO\ WR LPSOHEMI UD\\Q IQRW HO/MNIKE IGDLR/FK(
LQFUHDVH LQ LQWHQVLW\ DV ZHOO 2WKHU SHRMMH@W L D Q FDLVAL I GK
ULVNV IURP ZLOGILUH DQG ZDWHU DYDLODELOIQ¥FUEQGHPHEGGXVPROL
UDGLDWLRQ FKDQJH DUH DVVHVVHG DV XQOLNHOWH¥FR/ SDBWHKRWXJY
LQFUHDVHY LQ H[WUHPH WHPSHUDWXUH HYHQWYV WHONX LY HI RX UW/HHH
SURMHFW ZDV QRW SRVVLEOH WR FRQGXFW DW WKLV SRQQW VL
WHFKQLFDO GHWDLO ZHUH QRW DYDLODEOH DW WKH WLPH RI ZULW

61. 7KH DGYDQWDJH RI HYDOXDWLQJ ODUJH HQ VW PEKOH X QRA HHUWDW P D ¢
LQ IXWXUH FOLPDWH UHODWHG WR PRGHO VSHFLN PDWIHR QL MLLCELOML
KDW LV HYLGHQW IURP WKLV VWXG\ LV WKDW WKKH H WHRERQ WLRG BAK
HIWUHPH GDLO\ UDLQIDOO DQG H[WUHPH HYHQWWHQLBRQUDM IXOL
FRQVHTXHQFH RI FOLPDWH FKDQJH DOWKRXJK WKH SUHISRMM HUD C
WKDW LQFUHDVHYVY DUH PRUH OLNHO\ WKDQ GHFQHDYV® D FFFX PRQD WL
DQG LQWHQVLW\ FRQWULEXWH WR WKH PDJQLWX®H RAQ G RROG KDWY
FKDQJHTV IXWXUH LPSDFWV RQ IORRG PDIQLWXGH VKRXI®G EH DV
DVVRFLDWHG ZLWK PRGHO GLYHUVLW\ DORQH ,W LV DOWRKHRUGHQ
WKDW LQFUHDVHV LQ WKH LQWHQVLW\ RI GBPDO\ AIXBQWVORIVD D U¥F
OLNHO\ WKDQ GHFUHDVHV ,Q WKLV VWXG\HGB ROGHDU KONVXBHHWLI
FRPSDUHG WR D \HDU VLPXODWHG EDVHOLQH FHQWHKHODMWGGPDQ O\
UDLQIDOO TXDQWLOHV FRPPRQO\ XVHG LQ H J K\GURORJLHFD&HVLJ
HYHQWY PLIJKW LQFUHDVH E\ DURXQG WR WKH URXJK PHDC
SURMHFWHG E\ *&0V RYHU WKLV LQWHUYDO



62. -LQDQYV UHFHQW HIIRUWVY WR UHGXFH ULVNV DVVRFLDWH
RYHUDEXQGDQFH VSRQJH FLW\ FRQFHSW SURYLGGLBYLIGHOQEKE WK
DQG ULVN DUH EHLQJ UHGXFHG UHODWLYH WR WKHPDUWHHS @R MW AW |
-LQDQYV HIIRUWYV DSSHDU WR FRXQWHU EDODQF R DRDH)\FRD QUKIH S
DOWKRXJK D FRPSDULVRQ RI UHODWLYH PDJQLWXGRQ DW QIR 5@ M

63. 7KH UHFRPPHQGDWLRQ RI WKLV VWXG\ LV WFRs VDIYN X PIH SKIF\D X
DQQXDO PD[LPXP GDLO\ UDLQIDOO HYHQWV DKDGVRAR @ MPUICEDXUNV K L WK
KD]DUGV ZLOO LQFUHDVH E\ WR E\ DQG WKIHV \ZK® COP D BIQQ M
VXFK LQFUHDVHV DW OHDVW DSSUR[LPDWHO\ 7KHVH LQFUHPHQW
GHVLJQ GHFLVLRQV WKDW UHTXLUH HVWLPDWHGHPBQ@LW X6XHF KR |
UHFRPPHQGDWLRQV PD\ QRW KDYH GLUHFW LPSWLPFDWHRQOR GRHIU Q k
7UROOH\ %XV 'HPRQVWUDWLRQ 3URMHFW DV LW UM DVRWQUDEDOISR
SUHFDXWLRQV FRQVLVWHQW ZLWK LQFUHDVHG KHDY\ UHDWQHBO O DC
7KHVH LQFOXGH GHFLVLRQV FRQFHUQLQJ WKH ORPDWHLTRQ KRR H D RLC
DQG WKH ZDWHU SURRILQJ Rl SURMHFW FRPSRQHQW\WPHDR¥ROXIGVY QJ
PD\ EH UHFRPPHQGHG ZKHQ WKH SURMHFW DSSURDFKHV ILQDO GH\



REFERENCES

$OH[DQGHU /9 ; =KDQJ 7 & 3HWHUVRQ - .@BHYHW QN 00 HDVERRF
' &ROOLQV % 7UHZLQ ) 5DKLP]DGHK $ AHMBSEMNDU 5XSDLIXPWK
9LQFHQW ' % B6WHSKHQVRQ - %XUQ ( $JIHED® =0KDAUXXQBEXNWLFR
DQG -/ 9D]TXH] $IJXLUUH *OREDO REVHUY HE WRUKHDRHH VR IL Q
WHPSHUDWXUH DQG -BXUHGD®LWOIWERRSK\VLFDO' 5HVH IBRAK

%DWHV % & = : .XQG]JHZLF] 6 :X DQG - 3 &DL.POWLN B K D(@J VD (
‘DWHU 7HFKQLFDO 3DSHU RI WKH ,QWHUJRYH U Q@RI&QEWFO H\W Qb 0D R/
*HQHYD SS

'DL $LJXR 3UHFLSLWDWLRQ FKDUDFWHULVWLFV LQ &QIRWWHQ FRX
+

‘DL $ 5SHFHQW FOLPDWRORJ\ YDULDHEHLRH WXPRBEUWYDBQRIV L
&OLPDWH =

(OVQHU -DPHV % -DPHV 3 .RVVLQ DQG 7KRPDV +QWHQNUW\ RI WKI
VWURQJHVW WURSLFDO F\FORQHV 1DWXUH 6HSWHPEHU G
+RVNLQJ - 5 0 DQG -DPHV5HJIDROQOLY JUHTXHQF\ $QDO\VLV $Q $SS
RQ / ORPH@WREULGJH 8QLYHUVLW\ 3UHVYV

3&& 0DQDJLQJ WKH 5LVNV RI ([WUHPH (YERK ¥ OL.PE WM BKWE I
$GDSWDWLRQ $ 6SHFLDO 5HSRUW RI :RUNLRYHW®XISY W DDQ &D Q HR
&OLPDWH &KDQJH 3265(;° >)LHOG & % ®ALOGDUURWNHQB6WRFMEHUO
ODVWUDQGUHD .- ODFK * . 30DWWQHU 30 GOD®HH\ 0HGNVI@R
&DPEULGJH 8QLYHUVLW\ 3UHVV &DPEULGJH 8. DQG 1HZ <RUN 1<
ODXUHU ( 3 DQG + * +3@DOUW\ RI 'DLO\ YV ORQWKO\ /DUJH 6FDO
 QWHUFRPSDULVRQ RI 7ZR 6WDWLVWLEDRORZQD BB O(IDYUIWKH B K RIGIP ¢

29*RUPDQ 3DXO $ DQG 7DSLRIKAKSKHVGHIO EDVLV IRU LQFUHDVHV
H[WUHPHV LQ VLPXODWLRQV RI VWI1BBEQWRU\ FQIRPBEWH FKDQJH
6RORPRQ HW DO

7KUDVKHU %ULGJHW DQG 5DB®$ 1(HDRINX. ([FKDQJH *OREDO 'DLO\ 'R
SURMHFWLRQV 1($%5%'3

7JUHQEHUWK .HYLRQFHSWXDO )UDPHZRUN IRU &KDQJHV RI ([WUHP
&\FOH ZLWK &OLP BWHPHRDLFIBKDQJIH JLIXUH S
7JUHQEHUWK .HYLQ ( $LJXR 'DL 5R\ 0 5DVPXVVHQKW@EDDRYLQJI% :
&KDUDFWHU RI 3UXFOLGHWD@ RRQWKH $PHULFDQ OHWHRURORJLFDO 6

'RUOG :LOGOLIH )XQG DQG 868%," 1DW X UDDQMDQ B PIHDQWK UH * % B M 8
*XLGH :DVKLQJWRQ '&

<X | DQG 5% :HOQEMHFWLYHO\ DQDO\]HG DLU VHD KHDW IOX[HV
RFHDQV + %XOOHWLQ RI WKH $PHULFDQ OHWHRURORJLFDO $VV



APPENDIX TABLE 1: FL OOD-GENERATING MECHANISMS AND LINKS TO CLIMATE

CHANGE

JORRG
*HQHUDW|
OHFKDQLV

JLNHO\ ,PSDFWV RI
&KDQJH

2ZWKHU &RQWULEXWL

+HDY\ 6HDV
5DLQIDOO |
EDVLQ IORR

SHILRQDOO\ YDULDEO
ZLOO H[SHULHQFH L
VRPH ZLOO H[SHULHQH

6LOWDWLRQ RI FKDQQF
ZDWHUVKHGV DQG KLJK
LQFUHDVHG GHQVLW\
RFFXSDWLRQ

7URSLFDO
&\FORQHV
IORRGLQJ

' QFUHDVHG LQWHQVL
DOWKRXJK SRVVLE
IUHTXHQF\ VHD OHYH

,QFUHDVHG GHQVLW\ H
FRDVWDO DUHDV SRRU

ORQVRRQ 51
ULYHU EDVL
FRDVWDO I

 QWHQVLW\ RI PRQVRR

LQFUHDVH FKDQJHYV
VHDVRQDO UDLQIDO
XQFHUWDLQ FKDQJH

FRQGLWLRQV XQFHUW
DUHDYV

SBUEDQ DUHDV LQFUHD
DUHD LPSDLUHG GUDLGQ

5XUDO DUHDV ORVYV RI
ZDWHU KROGLQJ FDSDF

TRUUHQWLD
IODVK IORR
5XUDO $UHL

JLNHO\ LQFUHDVH LQ
DQG IUHTXHQF\ RI

HYHQWY HYHQ LQ U
DQQXDO UDLQIDOO LV

'"HIRUHVWDWLRQ GH|
ZDWHUVKHGY ORVV RI
LQILOWUDWLRQ FDSDFL

7JRUUHQWLD
IODVK IORR
BUEDQ $UHI

JLNHO\ LQFUHDVH LQ
DQG IUHTXHQF\ RI
HYHQWY HYHQ LQ U
DQQXDO UDLQIDOO LV
FRDVWDO FLWLHV

,QFUHDVH LQ LPSHUYLR
GUDLQDJH UHGXFHG
IORRGZD\V GXH WR LQIR

6WRUP DQG
6XUJHV FR|

 QFUHDVHG LQWHQVL
DOWKRXJK SRVVLI

/IDQG VXEVLGHQFH
RI JURXQGZDWHU

I[URP

IORRGLQJ | IUHTXHQF\ VHD OHYH

'DP DQG OH| ,QFUHDVHV LQ UDLQID ,QFUHDVHV LQ UDLQIDG

IDLOXUHV | VWHHSHU OHVV SU| XSODQG HURVLRQ
K\GURJUDSKV IORRG|VHGLPHQWDWLRQ DQG

WR LQFUHDVH LQ PDQ

VWRUDJH FKDQQHO DJJ

*ODFLDO O
RXWEXUVW
*12)

,QFUHDVHG KD]DUG W
GHFDGHV Rl ZDUPLQJ
UHFHGH ULVNV HYHQ
JODFLHUV DEODWH

/IDQGVOLGHYV




APPENDIX D - METHODOLOGY AND APPROACH USED FOR THE PROJEC T EMISSIONS
REDUCTION BENEFITS

1. 7KLY VHFWLRQ VKRZVY WKH UHVXOWY RI SROOXWDRSWHRMVVLRC

LQ WKH XUEDQ DUHD RI -LQDQ OHWKRGRORJLFDO VWWXRERQUH IRU
EHORZ

2. (PLVVLRQ IDDFWHRWYXH EDVLF RI HPLVVLRQ LQYHQWRULHV HVWLI
W\SH DFFXPXODWHG PLOHDJH FRQWURO WHFKQRORAJ\ZRHFMHO D
LQIOXHQFH WKH HPLVVLRQV RI SROOXWDQ@WKDL ORIV WKFFRY ®WULUH ROR
LQWR W\SHV DV VKRZQ LQ WDEOH EHORZ $QG EHFDRVH WKH
LQIOXHQFHG E\ RLO TXDOLW\ URDG FRQGKWLK®Y HWHP &HUPRNXIHH V
WKH HPLVVLRQV LQYHQWRU\ PRGHO

'ULYLQ . $FFXPXO FRQWU FXUE
IHKLFC \wpwt IXHO W PLOHDJ WHFKQR ZHLJK ’'SH
%HIRUF
" NP= 1DWLROC
3DVVHQ IDWLROELC /ILIKW
&DUV 6WBU' *DVRGL( OHGLXE
IDWLROL
LQFOX 5XQQL 'LHVHC N P= 1DWL&QE
WD[LV QC  LHDvY)
! NP 1DWLROCL
1IDWLRQ
DEure N P= %HIRUF
, _
wxvHy SWBUT Tl 6 IDWLRQL L ypy)
SXQQL IDWLROLC
GLH¥HC N P=

IDWLROLC




'LHvHO ! NP IDWLROEL

&1* 1DWLRQ
0,
< pe %HIRUF
IDWLROL | jkw
6WBU' *DVRGLC( IDWLROL gygLXF
[LIKW W gx0QL  'LHVHC NP= 1DWLROC
' 1IDWLROLC +HDY\
! NP 1pwLRO
N P= %HIRUF
‘ iDWLRSOLC /LIKW
ORWRUF ;ybﬂ_ *DVROL \p. lDWLRQC OHGLXF
QQ T IDWLROC ,,pyy
I NP IDWLRQ
3. ,Q WKLV ZRUN HPLVVLRQ IDFWRUV DUH DOO FRPHURRB RXU ¢
RSWLFDO UHPRWH VHQVLQJ DQG FKDVVLV G\QDPR PHWHU WHVWLQ.
4, L QYHQWRU\ HPLVVLRZDW\FBURDLWGRRXW XVLQJ YDULRXV IDFWRU
QXPEHU HPLVVLRQV IURP YDULRXV YHKLFOH W\GHNH FROHIFHYWLR @V
5, JRUHFDVW RI YHKLFQZR QKABRBWLRY ZHUH EDVHG RQ SURMHF
QXPEHUV

0] SBUEDQ PRELOLW\ ZLWKRXW 7UROOH\ VFHQDULR OHWUR
WURXMHNRZY DV XVXDO :H IRUHFDVW WKH QXPEHU RI YHK
DFFRUGLQJ WR WKH LQFUHDVH UDWH RI SXEOLF WUDQVSR!

(i) SB8UEDQ PRELOLW\ ZLWK 7UROOH\ VFHQDULR OHWUR JURZV
DQG WEHRWORXV UDSLGO\ :H IRUHFDVW WKH QXPEHU RI Y

DFFRUGLQJ WR WKH LQFUHDVLQJ UDWH RI SXEOLF WULI
6. &DOFXODWLRQ RI HPLVVLRQV

E E Estart EI:running LQ EFstart ur

running
E LV WKH SROOXWDQW HPLVVLRQV RI YHKLFOHV WKH W\SHV R
Ervnning LY WKH SROOXWDQW HPLVVLRQVELQ WK M K Hi KSIRFGDX WO@RAW @I P IV

WKH YHKLFOH VERWL®IWKHDMALVVLRQ IDFWRU LQ WigH MHKLFOH

WKH HPLVVLRQ IDFWRU LQ W&HLYHW KHOW RWW\DBOU & U QY LYQWLDBAM KD Q F H

QXPEHU RI WKH VWDUWLQJ WLPHV SHU KRXU



7. (PLVVLRQV FDXVHG E\ FRQJHVWLRQ
E Dul,u

E Lv HPLVVLRQV RI YHKLFOHYV BDD.(WI—@(FEEI—FLR(E(JI—M/H/‘KU_HF@HV LQ Xl

T LV HPLVVLFQQLVDlEW\RH RI FRQJHVWLRQ

8. (PLVVLRQV RI 7TUROOH\ E\ XVLQJ HOHFWULFLW\
E Ecoal ENgas ETcoal l'Qcoal ETNgas l'QNgas

E LV WKHHPLVVLRQV RI WURCEQOIEI\LE\D(WKHLFQDJLH@HHFQAE,%ﬁsLH/R\DO SR
LV HPLVVLRQV RI 1DWEIYD OVJI DN QFHRIZHNL R Q FETrNé:aBID\OJEHRQZ-I-LLDWLRQ R

1DWXUDO JDQ,SRZHPLVVLRQ IDFWR@N&;SILH/RBLSRIZHQ IDFWRU RI 1
SRZHU
ET

coal

T/1 r) ua Wb,

oal

Elcoa LV JHQHUDWLRQ -EQILF\/RBR)QS/FXP%NVLRQ R1I HOHFW ULW MAK\HX V L Q

UDWH RI ORVV IURP JHQHUBWILR QDWR mwmmeme&)ﬂzmwmoo :
RI FRDO SRZHU LQ WKHUPDO SRZHU

ET, T/(1 r) ua Wy

Ngas gas

ETNgas LV JHQHUDWLRQ RI 1DTWKUD:GRQDXP$R/\ZU—RQ RI HOHFWULFLW\

' LV WKH UDWH RI ORVV IURP JHBHWDWRDWRE WRIRWRHQUXPGVERRZO U L
bNgas LV UDWH RI 1DWXUDO JDV SRZHU LQ WKHUPDO SRZHU

9. 9HKLFOH HPLVVLRQ LQYHQWRKIL\H\S PPRNEHEOWN D YHKLFOH HPLV

PRGHO 9(0 ZDV GHYHORSHG )LJXUH YRU 9 (@ RR\GE DV W WIKEXW H

YHKLFOH GULYLQJ SDWWHUQ DQG 9.7 DUMWIKH PW MRQY D Q6 XWWHK LFHD

SDWWHUQV RI IOHHW 9HKLFOH DJH GLVWWKEXRQRRD 6 UMHVMP\L GD K

UHSUHVHQWDWLYH VDPSOH RI YHKLFOH PRGHO \HDUWIRGHRUDWLQJ

GLIIHUHQW FODVVHV Rl YHKLFOH 2QH WHFKQRORRKRWURBGDNVV LQFOXG
+ DQG ! NP



OHKLFOH (PLVVLRQ ,QYHQWRULHYV ORGHO

10.

VFHQDULR ZHUH FRPSDUHG

I[URP WR

(PLVVLRQV UHGXFWBREDUHFREMWOLW\ ZLWKRXW 7UROOH\ VFHQ
IRU DVVRFLDWHG+EPBVVLRQRRY LQ WHUI
WDNLQJ LQWR DFFRXQW YHKLFGOGHRHBEWRYWHKPLYNRRB

IDFWRUV LQFRUSRUDWLQJ FKDQJHV LQ YHKLFOHNVKHRKE&R WRIEHV

FRQJHVWLRQ LQFUHDVH RYHU WLPH $OVR

HPLVVQRQXGIH® PLQVK |

FDOFXODWLRQ 7DEOH EHORZ VKRZ \HDUO\ HPLVVLRQV UHGXFWLRC

EHWZHHQ DQG
All cars, buses and motor bicycle
Year 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Emission abatement (tonne/annual)
CO 963 1,115 1,271 1,445 1,611 1,777 1,948 2,113 2,271 2,431 2,59
NOXx 81 101 122 148 170 191 212 231 249 267 28
HC 48 57 67 78 88 98 109 120 131 141 15
PM (0) 1 2 3 4 5 6 7 7 8
CO2 23,037 46,700 71,120 108,720 134,540 158,513 183,076 200,730 219,989 239,516 259,14
All cars, buses and motor bicycle
Year 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043Total
Emission abatement (tonne/annual)
CO 2,754 2,912 3,064 3,205 3,331 3,437 3,515 3,433 3,308 5,056 53,55
NOXx 304 322 339 355 369 381 390 381 367 562 5,83
HC 163 174 184 194 202 210 215 211 203 313 3,15
PM 9 10 10 11 12 12 12 12 11 18 16!
CO2 278,652 297,742 316,055 333,144 348,455 361,310 370,877 361,527 347,159 547,737 5,207,744




