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The reports of the socio-economic study of Khanbogd soum herder households and Phase 2 study of
cumulative impact of Undai River diversion conducted by the independent experts employed by the
Tripartite Council (TPC)' of Khanbogd soum, Umnugovi aimag, are hereby disclosed to the public.

This study was carried out to facilitate the resolution of complaints lodged by Khanbogd soum herders
with the Office of the Compliance Advisor Ombudsman (CAO) of the World Bank Group. The
purpose of study was to map independently and objectively the changes over the last decade in
livelihood and socio-economic conditions of Khanbogd soum herder households, based on
information from diverse sources, and subsequently to determine which changes were caused by or
attributable to Oyu Tolgoi (OT) company operations. In addition, the study aimed to assess the
adequacy of the OT’s compensation programs, cumulative impacts on regional water and pasture
resources due to Undai, Khaliv and Dugat River Diversions, and impacts from OT tailings’ storage
facility. Multi-Disciplinary Team (MDT) and Independent Experts’ Panel (IEP) carried out the studies
in 2016 and submitted the final report to the TPC of Khanbogd Soum in January, 2017.

Conclusions provided in the report by MDT and IEP are not the TPC’s position; and the report
presents solely independent conclusions and assessments of the independent experts. We notify any
interested entities herein that some conclusions of the report are not fully accepted by the parties of
TPC. Nonetheless, the Parties of TPC agreed to discuss and implement the recommendations of the
report in order to solve the herders’ complaint issues.

Any party using this report improperly will be subject to liability in accordance with the relevant laws.

Please refer to the following in respect of the report:

The Tripartite Council
Khanbogd soum
Umnugovi aimag

' TPC (The Tripartite Council), composed of representatives from Khanbogd soum local government, herders’

representation and Oyu Tolgoi company, has been officially established on June 8, 2015, as per Memorandum of
Understanding signed with purpose of resolving complaints among the Parties. The Office of the Compliance Advisor
Ombudsman (CAO) facilitates the operations of the TPC. The CAO is the independent recourse mechanism for the
International Finance Corporation & Multilateral Investment Guarantee Agency the World Bank Group.
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Executive Summary

This Summary report presents the findings of a set of Joint Fact Finding studies carried out by
independent experts and the Tripartite Council (TPC) that represents herders, the Oyu Tolgoi mine,
and the administration of Khanbogd soum in Mongolia.

The purpose of the studies is to help resolve complaints made by herders to the Compliance Advisor
Ombudsman (CAO) — the independent recourse mechanism for complaints by people affected by IFC
projects.

The studies have looked at issues related to pasture and herd water; changes in, and sustainability
of, traditional herding; the adequacy of compensation of herders by OT; impacts on the Undai and
Haliv Dugat rivers and consequences for herders, and the integrity of the tailing storage facility and
the impacts of any leakage in the Haliv Dugat river. Each study was conducted by independent
experts according to a methodology and work plan agreed with TPC.

Overall, the studies have found that there are some impacts of OT on herders that have not been
fully understood before, and not fully compensated. We also found that due to gaps in initial
baseline monitoring and the concurrence of a range of changes in herding in Khanbogd soum not
related to OT, some critical concerns of herders, particularly relating to impacts of OT on herder
water, cannot be definitively resolved. There are improvements to be made in monitoring and
communications that we consider will, if implemented, lead over time to improved trust between
OT and herders. In addition, given that the soum is committed to successful coexistence between
mining and herding, and there are multiple pressures on pasture including from increasing herd
sizes, it is essential that measures to manage pasture and water across the soum level are
implemented. We also recommend that OT sponsor development of additional wells in areas where
there is unused pasture to recognize that OT cannot demonstrate that its activities have not
damaged herder water resources.

The studies have resulted in recommendations in addition to those listed above, relating to pasture,
water, compensation, communications between OT and herders, monitoring and the tailings storage
facility. These are discussed in the summary report and in greater detail in the individual component
reports; the recommendations are also presented in a consolidated list at the end of this summary
report.

This report presents the findings of the independent experts totally independent of all the parties.

Jill Shankleman
Troy Sternberg

Oxford, January 2017
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1 Introduction

1.1 Background

The Oyu Tolgoi (OT) project is a $12 billion investment to develop a copper and gold mine at Oyu
Tolgoi in the Southern Gobi region, Mongolia. Oyu Tolgoi LLC's majority owner (66 percent) is
Turquoise Hills Resources, a Canadian public company listed on the Toronto Stock

Exchange. Erdenes Oyu Tolgoi, LLC, a Mongolian state-owned holding company, owns the remaining
34 percent. Turquoise Hills Resources' majority shareholder is international mining major, Rio Tinto
Plc. In 2013, the International Finance Corporation (IFC) approved an investment in OT as part of
the project’s financing package, having earlier disclosed the intention to invest.

In October 2012, local herders who claim to be affected by the Oyu Tolgoi project in the Southern
Gobi, Mongolia filed a complaint to the Compliance Advisor Ombudsman (CAO) — the independent
recourse mechanism for complaints by people affected by IFC projects - with the support of OT
Watch, a national NGO, and Gobi Soil, a local Khanbogd-based NGO. The complainants are
concerned about the project’s use of land and water, which they claim disrupts their nomadic way of
life, and puts in jeopardy their indigenous culture and livelihood. The complainants contend they
have not been compensated or relocated appropriately, and they question the project’s due
diligence, particularly around the issue of sustainable use of water in an arid area.

In February 2013, a second complaint was filed by local nomadic herders and community members
who reside and conduct livelihood activities close to the project site. The complainants’ main
concern is the Undai River diversion component of the project. The complainants contend that the
river diversion jeopardizes their traditional nomadic lifestyle and livelihood. They are specifically
worried that the diversion will lead to several water systems drying up, deteriorated pastureland
yields, diminished water supply to unique stands of elm trees and a cultural impact to what they
view as a sacred river.

Local herders elected a team to represent them in a single dispute resolution process for both CAO
Oyu Tolgoi complaints. The complainants and OT agreed to work with the CAO Ombudsman/Dispute
Resolution team to try to resolve the issues raised in the complaint using a collaborative approach.
This lead to the formation in June 2015 of the Tri-partite Council (TPC) which comprises
representatives of herders, OT, and the local government (Soum). Various interim agreements have
been reached on topics such as access to information, tours/inspections of the mine site for herders,
access to grazing land inside the OT project site and on using joint fact-finding (JFF)to address some
project impacts.

1.2 Joint Fact Finding (JFF)

The approach to JFF involves TPC preparing a Terms of Reference (TOR), and selecting experts to
conduct studies; regular contact between TPC and the appointed experts, for example, to agree
work plans, identify and share relevant documents, organize focus group meetings and support
survey teams locate herders and other interviewees; and detailed review of drafts. The conclusions
and recommendations are those of the experts; TPC will decide whether and how to act on
recommendations.

This document reports on the findings of the following joint fact-finding activities:
* Phase Il of the IEP study relating to impacts on the Haliv Dugat River and cumulative impacts
in the Undai river basin. This work began in February 2016. The parties had jointly selected
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an Independent Expert Panel (IEP)" to assess the impacts of the project on the Undai River.?
[2] (Phase 1 of the IEP study was completed in early 2015 and results are available on the
CAO website.)?

* The results of the Multidisciplinary team (MDT)” appointed by the parties to undertake
socio-economic and environmental studies of herder households across the soum intended
to independently map changes in livelihoods and socio-economic conditions over the last
decade, analyze changes in vegetation and water, and evaluate the adequacy of
compensation.5

The MDT and the IEP expert teams are very appreciative of the involvement and support of TPC in
the JFF process and thank them for their support, enthusiasm and cooperation. Particular thanks
are due to the TPC Secretariat for translating many emails between Mongolian and English speaking
parties and facilitating the flow of documents. Thanks also to CAO for their support in facilitating
the process.

1.3  This report
This report is written for the TPC. It presents a summary of the following JFF outputs:

* Evaluation of the quality of and access to pasture and herd water

* Analysis of changes over the past decade to herder assets and livelihoods

¢ Compensation Programme Review

e 2" Phase Report: Undai River Diversion Complaint.
Drafts of the individual reports were discussed with TPC in October 2016, and useful and detailed
written comments received from each of the parties. The individual reports were revised in the light
of comments, and are available as Annexes to this Summary Report. However the reports reflect the
conclusions of the independent experts totally independent of all the parties.

IEP and MDT had different terms of reference, methods and outcomes. MDT evaluated the soum as
a whole including areas close to and further from the mine license site; IEP focused on a smaller area
in the vicinity of the Undai River diverted by OT. MDT conducted a sample socio-economic survey
across the soum, and vegetation, water and dust testing. IEP focused on collecting detailed accounts
from herders of land use changes in the Undai area. Overall findings of the two teams are shown in
this Summary Report but for full details the four outputs listed above should be consulted. This
Summary Report also presents overall observations on the issues addressed by JFF, and a master list
of the recommendations emerging from the JFF studies.

! The members of the panel are: Steve Buckley and Dr. Sabine Schmidt.

2 The Terms of Reference for this work can be found on: http://www.cao-ombudsman.org/cases/document-
links/documents/FINALENG_ToRfor_UndaiRiverDiversionComplaint_ CAO_IEP.pdf

2 http://www.cao-ombudsman.org/cases/document-links/documents/ExecutiveSummary_edit Jan_30 2015-
ENG.pdf

3 The Terms of Reference for this work can be found on: http://www.cao-ombudsman.org/cases/document-
links/documents/FINALENG_ToRfor_UndaiRiverDiversionComplaint_ CAO_IEP.pdf

* The members of the team are: Dr. Ariell Ahearn, Dr Bajav Batbuyan, Dr Jill Shankleman, Dr Troy Sternberg.

> The Terms of Reference for this work can be found on: http://www.cao-ombudsman.org/cases/document-
links/documents/MDTEOI _ENGandMON.pdf
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2 Evaluation of the quality of and access to pasture and herd water
2.1 Scope of the evaluation
This component of the MDT evaluated the quality and access to pastures and herd water:

* The changes to pasture and herder water in Khanbogd Soum since 2003

* What part of these are due to OT, and what is the capacity of pasture and herd water to
bear future impacts caused by OT

* What is needed to preserve/restore ecosystems and enable the continuation of traditional
herding.

2.2 Methodology
Extensive fieldwork, assessment of OT documents and review of a wide range of secondary sources
were used to assess environmental conditions. Work included:

* Fieldwork to collect new data included water source assessment, vegetation transect
evaluation, dust monitoring, environmental observation (covering 3,500 kilometres) and
comparison with herding conditions in Manlai Soum.

* Secondary sources included climate data, remote sensing for satellite identification of
historical vegetation cover, additional climate records and dust observation, OT and lender-
mandated reports, other relevant research and work relating to the environment,
government data and interviews.

* Aherder environmental and livestock perception survey.

2.3 Conclusions

There are several factors that affect the herding environment in Khanbogd Soum: climate and
natural forces; herder behaviour; the decisions and actions of government and other private sector
actors, and OT activities. We find that each of these has affected, or currently affects pasture and
the water resources available to herders in Khanbogd Soum.

* The principal factor is that Khanbogd Soum is an arid desert environment averaging 95mm
of precipitation per year but with significant variability from year to year. The pasture and
water resources available to herders are primarily determined by climate. The principal
source of variation in vegetation is precipitation.

* Remote sensing data on vegetation compared with precipitation records shows high
variability from year to year in precipitation and related vegetation and water levels.

* Insome years, and in some locations, depending on rainfall and herder behaviour, there is
acute pressure on pasture and water, but overall the increase in animal numbers shows that
herding remains viable in the Soum.

* Analysis of livestock inventories shows that dzud has a significant effect on the herding
environment and herding livelihoods, e.g. though increased debt post-dzud.

* Herder behaviour also affects pasture and water resources. In particular, the significant
increase of livestock numbers since 2003 requires additional amount of water and
vegetation. In addition, several factors lead to reduced mobility and a concentration of
animals in some areas.

o Household splitting, sedentarisation, e.g. to be close to the soum centre
Animal concentration around water points leads to pressure on some pastures
Poor maintenance of wells
Efforts by some herders to control resources though locked water points
Possession of winter camps being used to protect perceived rights to use
pastures

o O O O
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o Disturbance or loss of 200 km” of pastureland to OT infrastructure, MLA and
roads.

Alongside changing socio-economic factors (vehicles, increased expenses, migration to the soum for
education and services) herding differs in Khanbogd from other Gobi and Mongolian soums.

We find that there has also been a significant transition in how herders use and perceive the
environment in Khanbogd Soum since 2003. There is a widespread sense of disruption and
uncertainty particularly related to the presence of the OT mine; changes in how people understand
their and others’ rights to water and land, and increased use of vehicles for herding (with fuel costs
and pasture impacts) and construction of fixed houses. Herding is shifting to maximising pasture and
water use for personal advantage rather than following a customary, shared resource approach to
land use. The increase in animals and decrease/changing mobility and changing household and labor
organization places stress on pasture resources and requires more water. Herders need to
acknowledge the environmental impact of changes in pastoral practices and recognize that their
decisions affect long-term pastoral viability.

National and local government and other companies have made investments that affect herding, for
example, construction of the railway, the Tavan Tolgoi road and the Qatar wildlife reserve. In
addition, the soum authorities appear to have limited ability to deal with forces affecting
pastoralism and the environment. Factors beyond the soum’s control (infrastructure) are coupled
with limited planning and management that sees the soum react to events and pressures rather
than organising efficient claims on pasture that enable mobility, maintaining water wells and
accessing unused pasture. The soum’s 2015 Livestock Sector Sustainable Development Program
addresses relevant issues; its implementation should be strongly supported. Shortcomings of the
government are reflected both in its local management role and an apparent lack of attention to the
soum from the national government. Indeed, both the herders and soum look to OT for direction
and money though it is not OT’s role to organise herding and soum development beyond contracted
responsibilities.

In the recent past the OT exclusion zone and infrastructure (MLA, airport, roads, water pipeline)
displaced or inconvenienced herders (addressed in MDT Component 2 and 3). OT currently has
limited known direct impact on pasture and vegetation. Mine interaction with the land is well
organised and follows identified, standardised procedures such as no off-road driving. Impacts on
the environment include risks to animals from traffic on the OT road and dust in the immediate
vicinity of the Khanbogd road (now in the process of being paved).

However, there is a potentially very significant issue of the possible connection between shallow and
deep aquifers resulting from the 476 boreholes drilled on behalf of OT. A lack of baseline monitoring
data means that there are no reliable, long term records of water levels in herder wells enabling
present and past (before drilling) comparisons. The 2013 RPS Aquaterra report states that a few
wells near Gunii Hooloi may be affected. Due to poor initial methodology for borehole construction
and record keeping the potential for leakage cannot be negated beyond a reasonable doubt. Many
herders are very concerned about damage to their water resources. Identification of 9 cascading
boreholes, now being addressed by OT, establishes the possibility, however slight, of
interconnectivity elsewhere in the soum. Uncertainty regarding water supply highlights the need for
ongoing water monitoring.
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2.3.1 Monitoring
OT appears to have fragmentary knowledge of the local physical and social environment and has
contracted out much work, e.g. on groundwater and pasture management, with limited oversight or
involvement, to parties that lack a presence in the soum. As a consequence, OT lacks a cohesive
approach to environmental engagement and can better integrate its environmental monitoring or
pasture management processes. Staff are knowledgeable in their sub-field but a unified approach
was not presented. The result is much data but poor explanation or justification, ineffective
communication and low trust levels in the community. Some work is now being transferred to the
soum though it lacks time and employees to adequately monitor pasture. Further, results of efforts
to develop cooperative herding groups to strengthen pastoralism were not evident.

2.3.2 Dust

Apart from the immediate transport corridors created by OT (roads) and the local community
(tracks), dust is not a major environmental impact at this time. Dust generation in the soum peaked
in 2010 and levels are now satisfactory on the large scale; at individual sites, primarily the Khanbogd
road, dust is generated along the roadway but has limited dispersal and will cease when paving is
completed. Traffic includes OT and non-OT vehicles, thus OT cause a part, not all, of the localised
road dust. Herder vehicle tracks throughout the soum also generate dust.

2.3.3  Overall

Overall, we conclude that whilst there are issues of concern — particularly relating to potential
aquifer connectivity - and to monitoring, the principle impacts on pasture and herder water in
Khanbogd Soum come from sources other than OT. Little credit or acknowledgment is given by
herders to OT for developing and rebuilding some of the water sources that herders use. The lack of
effective pastoral governance now sees OT cast in the role more commonly ascribed to government;
this is in clear contrast with Manlai Soum.

2.4 Recommendations
Based on the analysis of pasture and water, we have the following conclusions and
recommendations.

In relation to pasture:

* Human decision-making by herders and the soum authorities have significant impacts on
pasture use, distribution and grazing intensity. Efforts by the authorities to encourage
traditional herder mobility and open access to water and land, and reduced actions by
herders to restrict access to wells and land, are needed before high grazing levels in some
areas will change. The soum needs to take an active role in promoting effective customary
herding practices and in opening up new areas in the soum for herding. There is much
unused pasture, particularly in the northern, eastern and southern areas that can be
productive if water is available; the Strictly Protected Area is excluded. The definition of
herder rights to possession (winter, spring camps, wells etc.) and what these rights mean for
use of land and wells by other herders needs to be clarified and implemented.

* Paving the Khanbogd road (now in process) will resolve dust along the road corridor and
should be undertaken as scheduled during 2017-18.

* Animal crossing areas on the OT road should have speed bumps on both sides of the
crossings to slow down traffic. This will be particularly important as construction traffic
ramps up and when production increases and will alleviate fragmentation effects.
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* Land fragmentation, also identified in the IEP report, to the northeast of the mine licence
area (MLA) is a concern that can be addressed through collective compensation.

In relation to water:

* The potential interconnectivity, however slight, of shallow and deep aquifers is an ongoing
concern for herder water that needs to be mitigated by OT. Existing cases highlight that the
issue remains a concern across the soum. As part of collective compensation (below) we
recommend OT construct a series of shallow hand wells across the soum, particularly in
areas where there is pasture but no wells. The wells should be shallow (not deep), robust
and durable, provide community access and not lockable - e.g. the concrete shallow wells
recently constructed by OT for herders are suggested. The aim is to:

o open up new and additional pasture across the 4 baghs to encourage migration
and use of pasture resources and give the means for herders to continue
customary livelihood practices.

o fill gaps in usable water in currently used pasture areas.

* The soum and OT should cooperate on this programme to mitigate the impacts of OT on
water resources, land fragmentation by OT, limited government organisation of soum
infrastructure and ineffective herder land use planning. The soum needs to enable and
ensure greater herder access to pasture.

* Qur expert view is that more hand wells of simple, solid design at lower per unit cost
enables greater water and pasture access and is much more valuable than expensive and
complex designs. Reports commission by OT in 2007 and 2010 identified approximately 320
hand wells; since that time livestock numbers have increased significantly. We suggest 75+
hand wells be constructed based on groundwater studies to encourage migration to outlying
pastures. A series of wells enables small animal mobility; where pasture is only suitable for
camels, wells can be further apart.

o The location of new wells should be based on groundwater studies to ensure
productivity and that new wells do not affect existing wells. Siting should be
done in conjunction with the soum to ensure greatest possible pasture access
for all herders. Wells address gaps in prior collective compensation.

o The wells should be dispersed across the 4 baghs to enhance mobility and access
to new and alternate pastures.

* We recommend monitoring and modelling of alluvial aquifers at geographically distributed
sites and hydrological study focusing on alluvial resources that quantifies OT’s current and
future impacts. This will provide better understanding of shallow groundwater dynamics on
which the herders depend, strengthen modelling and in the future can measure changes in
water resources.

* Water delivery to herders is a temporary measure that should gradually stop because it
creates dependency and anxiety (herders worry about if and when it will stop) and is not
sustainable in the long term. Over an agreed timeframe the water resources around each
site to which water is currently delivered should be assessed. If there are existing
functioning water wells then the delivery programme can end; if there are no wells, then
one should be constructed as part of the proposed well building programme.

* A well maintenance system is needed for existing herder wells in the soum and those
proposed above. We believe this could be part of a collective compensation programme to
fill gaps in compensation.

* The lack of baseline water data affected the ability to identify the change over time in water
resources.
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* We see no reason why water reports and data cannot be made available to the community.

In relation to monitoring and communications between OT, herders and the soum authorities:

* The environmental monitoring programmes for herder wells, dust and pasture/ vegetation
should be redesigned and re-organised in order to provide robust long-term data credible to
herders and others. Programmes should be suited to herding practices to enable
participation and be verifiable by herders. The programme should include herder well water
(quantity and quality); dust and vegetation/pasture quality and be designed and
implemented using a joint fact finding methodology to ensure scientific rigour, accessibility
and credibility. Local monitoring should replace outsourced monitoring.

* OT should produce regular reports on the results of monitoring - and any actions taken or
proposed as a result of monitoring - and present these regularly to herders and others in the
community. Current communications are unsatisfactory. Information should be direct,
understandable and relevant to herders, reports to the soum should be comprehensible to
staff. Methods used at other Rio Tinto sites, such as real time dust monitoring data for
Pilbara, Australia® should be applied in Khanbogd. OT should present findings at the bag
centres throughout the soum as well as in the soum centre. Genuine involvement by herders
is essential to monitoring success and a herder responsibility in the process.

* For vegetation monitoring, fenced plots are recommended. These should be done in
cooperation with herders and soum officials.

In relation to land use:

* Khanbogd soum faces an array of current and likely future demands on land for new
infrastructure and potentially for other mines and resource extraction. At present the soum
administration lacks the capacity or powers to address the challenges these developments
pose. There is an urgent need for comprehensive strategy implementation for land use and
protection of rural livelihoods. We would like to see OT and its lenders (especially IFC as
part of the World Bank Group) deploying their networks and leverage to work with national
and local government and external (international) agencies on soum-level strategies and
plans to maintain herder livelihoods in the context of these changes.

Collective compensation:

*  Werecommend remedying a suite of OT impact issues, including interconnectivity and
fragmentation, through community compensation. Specifically, a programme to build a
series of shallow hand wells should be undertaken by OT in coordination with the Soum and
after hydrological study for site location. Wells should be in underused areas of the soum
including northern, eastern and southern regions. This serves to open potential new pasture
and herding areas to encourage customary herding and addresses water and pasture issues.
This addresses general OT impacts through collective benefit to the community that
encourages customary herding viability in the soum.

3 Analysis of changes over the past decade to herder assets and livelihoods
3.1 Scope
This component of the MDT work was a socio-economic survey that investigated the following:

* Changes in herder household livelihoods from 2003 to present and the extent of loss of
traditional livelihoods and culture.

e riotinto.com/documents/ FAQ_air_quality_monitoring.pdf
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* Herder household capacity to sustain traditional livelihoods into the next generations.
* What impacts are attributable to OT.

3.2 Methodology

The study included a literature review, a socio-economic survey involving semi-structured interviews
and participant observation with a sample of 106 herder households across the soum; focus group
meetings in bagh centres; meetings with soum centre residents, and discussions with OT and soum
government representatives between May and July 2016. Interviews in Manlai soum provided a
comparison with a comparable area not directly impacted by OT.

3.3 Conclusions
The survey found that the main factors in changes in herder livelihoods in Khanbogd from 2003 are:
* the start of large scale mining in the region and the issuing of licenses for further mineral
exploration;
* material changes in herding techniques and practices
* social changes including new forms of household organization and labour
* increased numbers of livestock; stress on water and pastureland
* changes in government policies that affect the organization of herder households.

Regarding the loss of traditional livelihoods and culture, our findings concur with other studies which
have shown loss connected to new patterns of herder household organization based on socio-
economic choices and accessing school for children, which has resulted in fewer opportunities for
children to learn herding skills from a young age. Additionally, we have found loss of customs
connected to the pressures on pastureland and water due to the development of infrastructure and
new patterns of land tenure and use. We have observed less household production of traditional
livestock-based products and produce and an increased focus on wage labour and cash-generating
activities.

Regarding the capacity of herders to sustain traditional livelihoods, the survey indicated that not all
herders wished the next generation to pursue herder livelihoods due to experiences of economic
and environmental insecurity. For those that do, there are particular challenges in Khanbogd that
need to be addressed to make this possible. The key challenge is not only the presence of mines but
mine-related and other infrastructure, and the lack of a clear governance structure that protects
herder traditional rights to use pasture, wells and to be mobile.

We found that OT has contributed to these pressures but is not the sole source. The impacts of OT
include: providing an alternative to traditional herder livelihoods through full time and part time
employment, and a resettlement and a compensation programme that has unintentionally led to
conflicts and tensions between and within households over benefits and camp locations. Direct
impacts on the Undai River, Bor Ovoo spring, and the number of bore holes and wells dug have
changed herders’ water use patterns. The establishment of displaced herder winter camps in
Gaviluud without going through traditional processes for determining new camp locations has led to
a sense of insecure land rights and livelihood expectations. As part of the local government
structure, the soum’s mandate is to solve local issues. However, OT is a project agreed with, and
accountable to, the national as well as the soum government. The lack of national government
involvement in resolving major questions of water availability has contributed to the expectation
from local herders that OT can and should resolve all problems.
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3.4 Recommendations
There are certain issues that OT needs to remedy. This includes more active communications with
herders, compensation where herders were missed in 2004 and 2011 (See Component 3 report),
work with the national and local governments to support herder transition to sustainable
livelihoods, actively sharing data with the soum government and support to the soum government
to develop their capacity.

A specific recommendation for communication with herders is:

Expand the community relations team. The team should comprise trained people whose role
includes ensuring effective two-way communication between OT and herders (as well as others in
the community). This would include participating in formal meetings, for example, bagh meetings,
and maintaining close contact with the local administration and elected officials; regular contacts
with people in on-going compensation programmes, including identified ‘vulnerable’ people, but
also informal contacts established by spending time travelling around across the soum.

The community relations team also need strong enough links within OT to be able to provide
herders and other local residents with up-to-date information about OT activities (especially during
construction, the activities of contractors working outside the MLA, such as who is working where,
for what period of time and how recruitment is being done), and be able to communicate back into
management any concerns and issues they become aware of.

We also recommend that OT produce an annual report to Khanbogd that presents information on
the past year’s performance and plans for the coming year, covering local economic impacts
including employment, local taxes and fees paid, local procurement; environmental impacts -
monitoring and management programmes and the related data, and social performance including
compensation programmes, support for vulnerable people, training and business development, Co-
operation Agreement projects, donations etc. This should be published in Mongolian in a form which
is accessible to herders.

4 Compensation Programme Review

4.1 Scope of the review
The compensation programme review looked at compensation to herders impacted by OT. It
addressed the following questions specified in the terms of reference.

1. Was the impact assessment methodology applied to the 2004 and 2011 compensation
process suitable and adequate?

2. Has OT adequately compensated for any negative effects that can be attributed to OT’s
presence, including OT-related infrastructure and natural resource use?

3. Was the compensation provided sufficient to support transitions to sustainable livelihoods?

Have all herders deserving of compensation been paid?

5. Have the compensation processes complied with the IFC’s Performance Standard 5?

P

The compensation review also included some analysis on the following topics that were raised by
the herder group in TPC after the expert team had started their work.

* Emotional damage to herder elders resulting from resettlement
* The implications of two specific clauses in the compensation agreements

10

JSL Consulting Ltd. 38 Hayfield Road, Oxford, OX2 6TT, UK
UK Co. Reg. 04068123; VAT 768 4469 73
+44 (0)1865 512365/+44 (0)7500 729 681/Skype:shankleman



Multi-Disciplinary Team and Independent Expert Panel
Summary Report
January 2017
* Assessment on impacts on vulnerable people
* Compensation for damage to intangible cultural heritage.

4.2 Methodology
The methodology for the compensation programme review was discussed and agreed with TPC. It
included:

* review of relevant OT documents, especially impact assessments, resettlement action plans
and related documents and compensation agreements;

* meetings with OT, TPC, herders and soum officials;

* incorporating the findings of the evaluation of the quality of and access to herder water and
pasture and the analysis of changes over the past decade to herder assets and livelihoods;

* and assessing the adequacy of impact assessments and compliance with IFC PS5 on the basis
of pre-agreed criteria.

4.3  Conclusions
The compensation programme review reached the following conclusions on the questions specified
by TPC. (For full findings, please see the Compensation Programme Review Report.)

* The impact assessment carried out for the 2004 compensation programme was not
adequate as a basis for mitigating impacts on herders. There was no Resettlement Action
Plan.

* The studies, impact assessments and the resettlement action plan that provided the basis
for 2011 compensation were largely suitable and adequate. There were some weaknesses
e.g. in the identification of impact zones, that meant that some affected herders were not
identified, and elements of the compensation package have proved not to be sustainable.

* There have been changes and developments of the project since 2012 that are not included
in the existing impact assessment.

* Inrelation to impacts of OT on pasture, OT has adequately compensated for most of the
negative impacts on pasture that can be attributed to OT.

* Inrelation to water, the failure of OT (especially the initial operator IMMI) to undertake or
record comprehensive baseline data, or carry out modelling, of the alluvial aquifers and the
wells used by herders means that it is not possible to disprove herder allegations that the
water available to them has declined due to OT. But nor is it possible to prove impacts in the
absence of robust baseline data and given that other factors have changed since OT started,
notably increases in the number of herder animals.

* Weaknesses in the approach to impact identification mean that there are some additional
herders who should have been provided compensation in 2004 and 2011. This includes
herders with spring camps or provable established (but not licenced) use of pastures or wells
that entitled herders with winter camp licenses to compensation; herders using the same
pasture or wells as those compensated but outside the lines defined for entitlement to
compensation, and any herders who can prove that their livelihood was damaged by people
relocating into areas they had been using as a result of OT relocation.

* Herders in Khanbogd soum are semi-nomadic (moving to varying degrees from site to site
during the year). OT land take, though substantial, accounts for a small proportion of the
pasture land in Khanbogd soum. Therefore, it is in principle possible for herders to continue
herding despite the presence of OT. In both 2004 and 2011 the compensation to herders
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included a mix of elements supportive of continued herding and compensation in the form
of employment and education support for herders’ children. We consider this a valid
approach.

* However, in practice compensation appears not to have enabled all the displaced herders to
transition to a sustainable livelihood (although the audit of 2011 compensation has not yet
been conducted). Problems include issues with some replacement winter shelters and
wells; with employment provided as part of compensation, and with the establishment of
small businesses whether herding related or not. Over half the households that were
compensated with a permanent job in 2004 do not now have a household member
employed; while many of the larger number of households economically displaced have
become dependent on the income from part time salaried work that was offered for 5 years
only, and is now coming to an end.

* The 2004 compensation process did not comply with the 2012 IFC Performance Standard 5
in many respects.

* The 2011 compensation process was much improved, but was not compliant because it
lacked an explicit and trackable Livelihood Restoration Plan and included inappropriate
confidentiality conditions. Further the grievance mechanism, revised in 2015, lacks recourse
to an independent mechanism.

In relation to questions raised by herders after the work was commissioned, we reached the
following conclusions:

* Herders throughout the soum express anger and frustration about the changes that have
taken place in their lives due in part to OT but also to other projects and changes that they
feel powerless to influence. We have seen clear evidence of despair on the part of some,
especially older, herders. The 2004 relocation caused distrust between herders and OT that
remains today.

* Since 2011 OT has addressed questions of differential impacts on vulnerable people and the
steps taken to address vulnerability are appropriate. However, information is lacking about
implementation and results.

* Since 2011 OT appears to have identified tangible and intangible cultural heritage impacts,
and the need to manage these in a sensitive and collaborative way, appropriately. However,
we lack information on implementation and there were concerns expressed in the socio-
economic survey about the impacts on the Bor Ovoo sacred site. Grievances about cultural
heritage should be handled via the grievance mechanism. They are not issues of
compensation.

4.4  Recommendations
In order to ensure impact assessments cover all planned developments of OT:

* OT should commission and disclose in advance of work starting the results of one or more
supplemental ESIAs to IFC standards to identify and consult on any additional impacts (and
impact mitigation measures) related to the underground mine project; the power
agreement; changed plans for workforce accommodation; the railway construction; paving
of the Khanbogd Soum to OT road, any significant changes to the project since the 2012
ESIA was published and update the analysis of cumulative impacts of other infrastructure
and mining/oil projects.

In order to fill gaps in the herders who secured compensation in 2004 and 2011:
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* TPCshould establish a Compensation Claims Committee (CCC) to opine on claims to be
retrospectively included in 2004 or 2011 compensation.
* Herders in the groups listed in ‘/Recommendations: Compensation’ should be entitled to
present claims for compensation to the Compensation Claims Committee.

In order to ensure that compensation is capable of assisting herders move to sustainable livelihoods:

* Those households compensated in 2004 that no longer have a household member employed
at OT should have the opportunity to have one person employed. After this is done, all the
compensation agreements for 2004 should be clarified to state that there is no obligation on
OT to permanently employ a member of these households through the lifetime of the mine.

* The winter shelters built in 2004 should be assessed and repairs made to any that are not
adequate to shelter the number of animals for which they were built.

* The 2011 compensation programme should be audited and individual support programmes
developed for any households that have not managed to restore their livelihoods.

* The temporary employment provided under the 2011 compensation programme should be
continued for those still receiving compensation until the results of the audit are available.
Note that any herders added to the 2011 programme as a result of the JFF must remain
aware that the employment provided under this programme is temporary and designed to
provide assistance as herders re-organize to take account of the impacts of OT.

5 2nd Phase Report: Undai River Diversion Complaint
5.1 Scope of the evaluation

*  Whether the Haliv-Dugat river has been diverted or will be diverted in the future, and the
potential cumulative impact of the diversion of Undai and Haliv-Dugat on the water and
pasture resources in this region;

* Whether the tailings storage facility is currently leaking, the risk of such leakage in the future
and what impact(s) such leakage would have on the Haliv-Dugat River or any other source of
drinking water for the herders and their livestock; and

* The feasibility of modifying the Project’s tailings storage facility or related monitoring and/or
mitigation plans in order to avoid impacts on the Haliv-Dugat River.

5.2 Methodology
Hydrology
* existing reports and monitoring data were examined with particular emphasis on answering
the questions outlined in the IEP Terms of Reference.

Social assessment

¢ field visits with joint site inspections in the target areas. Focus group discussions and key
informant interviews with herders, local government and OT personnel, as well as with
experts at national agencies.

* study to assess changes in livestock grazing (numbers) on pastures in the Haliv Dugat area,
based on key informant and local government archive information on households and
livestock type and numbers in the pastures of the study area.

* document review, focusing in particular on ESIA/DEIA sections concerned with cumulative
impacts in the Undai River basin, and application of the approach to cumulative impact
assessment as outlined in the IFC Good Practice Handbook.
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5.3  Conclusions

5.3.1 Hydrology

* The Haliv-Dugat River has been diverted and altered in several parts of the watershed. The
river and/or its tributaries have been ditched, filled and blocked in several areas, due to
mine and road infrastructure. This has changed the surface and groundwater flow in this
part of the watershed. It is not possible to quantify the amount of change in the surface or
groundwater due to insufficient pre-project monitoring of the hydrologic conditions in this
part of the watershed.

* Seepage from the TSF has been documented. Most monitoring sites have intermittent or
very little data, which makes quantifying the seepage difficult. The seepage collection
system is designed to contain the seepage water within the Mine License Area (MLA) and it
appears that the seepage has been contained within the MLA. In any case, the data that
does exist suggests that the future monitoring program should be both thorough and
vigilant.

* The prospect of modifying the TSF to avoid impact to the Haliv-Dugat River is not tenable
due to the fact that the river has already been diverted and both cells are under
construction and TSF Cell 1 is operational. There remain, however, some options for
mitigation and monitoring that are outlined in the body of this report.

5.3.2 Social assessment

* The surface drainage in the Haliv Dugat basin has been affected by infrastructure
developments including roads, quarries, the Tailings Storage Facility and diversion channels.
This, and the loss of Haliv Dugat pastures to the MLA and other infrastructure, and resulting
fragmentation as well as dust and noise pollution, has led to a concentration of livestock in
other pasture areas. Herder households have moved into these areas either as a result of
assisted resettlement, with establishment of winter camps, or are making seasonal use of
these areas as they move away from lost, impacted and fragmented pastures.

* Asaresult, seasonal movements of herders are reduced, and summer grazing often takes
place in the winter pasture. Herders’ information and livestock data suggest that households
in Haliv Dugat area have increased livestock numbers less than the overall increase Soum
wide, and that they are focusing more on herding small livestock than large livestock. With
areas permanently lost, it is not perceivable herding in this area can be restored to its
previous state.

¢ Similar to the Undai River, where the Bor Ovoo spring and surrounding summer pasture
were lost, the customary pattern of pasture use and livestock management of the herder
community has been changed. With areas permanently lost, it is not perceivable that it can
be restored to its previous state.

5.4 Recommendations

5.4.1 Hydrology

* Expand and improve participatory water quality monitoring with OT, local government
officials and herders. This could include an expansion of precipitation gage network, and
additional monitoring wells downstream of the TSF. This should be done in the spirit of joint
fact finding with the involvement of all parties in the water quality sampling process.

* Improve the integrity of the Haliv-Dugat diversion channel. This would reduce erosion and
convey floodwaters of the Haliv-Dugat River more efficiently. This could be done using joint
fact finding survey to assess the stability of the diversion and identify areas of excess erosion
that could benefit from bank or bed hardening and reduction of ponding where appropriate.
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* Provide adequate drainage mechanisms such as culverts, arches or armored flood flow

crossings, where appropriate, to reduce ponding and evaporation in the watershed. A
review of these areas and potential mitigation techniques could be done jointly by TPC.

* Convene the Independent Technical Review Board (ITRB) to review the seepage and design

modifications of the TSF and the potential for downstream impacts and report results to all

parties.

5.4.2 Social assessment
In general, IEP supports MDT recommendations. To the MDT- Component 1
recommendation on water point development soum-wide, IEP adds that
wildlife/biodiversity — livestock conflicts be considered.

* Local government needs to re-establish a grazing system, to adjust for the lost pasture areas.
It is recognized that this is a very difficult task, as key pasture areas (summer pasture) have
been lost and not all the Soum’s unused pasture is suitable due to the terrain and vegetation
type.

* Local government (Soum and Aimag) should be supported by central government in these
efforts by providing national experts and training; it will be important to increase ownership
of this efforts — herders, local organizations, and government on all levels (Bag, Soum,
Aimag, central government, and relevant professional agencies) need to carry this effort, as
opposed to external actors (OT, foreign experts).

* While TPC has a crucial role in bringing stakeholders together, it is important that the
existing institutions and structures of community and government are the key actors (i.e.
bag meetings, bag representative khural, Soum khural etc., livestock unit, annual land use
planning procedure etc.).

* ALAGAC's process of identifying resource use rights and of planning land and resource use
with local government to document and secure customary use rights of herders could be
used.

* Support for these programs could be provided from revenue generated through OT (taxes to
central government, cooperation fund at Aimag level, others); the lender (IFC) could provide
additional support while promoting local ownership of the process of planning and
implementation.

* The issue of loss of local community’s “Nutag” and of spiritual values remains. These losses
will have to be addressed separately, and considered for community compensation.

* More detailed knowledge and transparency is needed on the increase of livestock. The IEP
phase 2 study (and the previous CPR studies, 2012) suggest that affected households (both
the officially recognized and those considering themselves affected) are mostly not the
cause of significant livestock number increase; or that the rate of increase is much less than
average. Rather, in general, they are adjusting their livestock number and type. The question
of absentee livestock ownership in particular should be further investigated, in order to get
a better understanding of the growth of livestock numbers and pasture pressure.

* |EP has noted earlier that no records on abstraction prior to 2007 are available. IEP has also
made efforts in phase 2 to locate and access data, at local government and the Ministry for
Environment and Tourism, but was informed that the data do not exist (at local level) or
cannot be shared (by experts at the Ministry). Under this circumstance, experts cannot
guantitatively assess impacts over time; in order to make progress, existing data need to be
made available.

* Review the categories of affected households for compensation, - see IEP Phase 2 Report,
Part 2 for suggested categories and MDT Component 2 for the process.
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* Names of households affected in different ways were provided in this report (IEP Phase 2
Report, Part 2) to the best judgement of the expert, though the list is not considered
complete. The names are provided based mostly on information received in group
discussions, with consensus of discussants. A review of the names is recommended, by a
team of individuals elected by TPC (or through a process with broader participation).

* Organize discussions with Haliv Dugat households named in IEP Phase 2 Report, Part 2 on
livelihood support strategies (similar to consultations with 59 households after IEP Phase 1
report)

* Assess options for fodder growing/production (lessons learnt, information available from
programs implemented in other Soums in South Gobi, Uvurkhangai and Bayankhongor,
namely the project “Sustainable Land Management Project for Combating Desertification”
implemented with UNDP support in arid and semi-arid areas in Mongolia.

* OT should rehabilitate any disturbed/abandoned sites as soon as possible, in order to make
pasture available again as soon as possible, to shorten time of dust generation from
disturbed sites and minimize risks of accidents in quarries

6  Overall conclusions

6.1 MDT/IEP studies

The MDT and IEP joint fact finding work has generated a very substantial amount of information,
many conclusions and many recommendations. The recommendations are mainly addressed to OT
because the impetus for these studies was complaints about OT impacts. However, we find that
there are important findings for all parties.

In reviewing all the findings, we draw four overall conclusions.

* Inadequate understanding of nomadic herding in Khanbogd soum by OT (and predecessor
IMMI) since the initial days of exploration lead to a series of missteps with respect to
compensation and understanding of the water resources used by herders and an
underestimation of impacts on herders. This has been compounded by a failure by IMMI/
OT to collect adequate baseline information and to implement thorough monitoring
programmes (and on-going analysis and communication of the results of monitoring). As a
consequence, some herders who should have been compensated have not been
compensated and due to the absence of baseline data, it is impossible to reach a definite
conclusion on whether, and to what extent, OT has damaged herder water resources. This
means that it will be very difficult to change the widespread view of herders across the
soum that the water available to them has declined, and that OT is primarily responsible for
this. Given OT commitments not to affect herder water, we conclude that OT should invest
in constructing additional water wells to open up new areas for herding as well as extend
the set of herders entitled to compensation.

* Herding practices and livelihoods in Khanbogd soum have changed since 2003. In particular,
some herders are moving less; there are growing inequalities in wealth; more split families,
and widespread debt, including for vehicles that are expensive to buy and run. Some of
these changes are due to the presence of OT, but other changes reflect patterns common to
herding communities throughout Mongolia, including herder’s preferences, or other recent
developments in the soum such as the coal road and the railway which fragment pasture.
Some herders are prospering and enjoying new opportunities, e.g. for employment and
business; others are struggling. We identified no clear pattern that links success, or
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problems, systematically with impacts of OT except in the Undai River area. However, some
herders attribute most of their problems to OT.

* Itisimportant that a soum wide strategy for pasture management is developed, resourced
and implemented in the context of competing demands on land and water not only from OT
and larger herds, but also from infrastructure, conservation areas and expansion of the
soum centre. Pressures on pasture are likely to increase, making a forward-looking strategy
essential.

* Thereis now an opportunity to move forward in a constructive way. The recommendations
of the MDT/IEP studies address gaps in compensation, monitoring and communications
between OT and herders in Khanbogd soum. TPC provides a forum for resolving
compensation related claims and for discussion between herder representatives, OT and the
soum. The 2015 Co-Operation Agreement provides for a substantial and long-term flow of
funds that can focus on water and pasture for spending under the agreement; a set
percentage of funds should go to Khanbogd for 5 years. This complements the soum’s long
term livestock sector plan that sets out a strategy to enable herding, mining and
infrastructure to co-exist.

6.2  Additional observations

The MDT team has spent a significant amount of time in research and fieldwork. As a result, we have
a number of observations that we consider may be of interest to TPC and others on points that were
not specifically covered in our terms of reference. The observations below are offered as points that
the parties may wish to follow up as their work goes forward.

* Employment at OT —is it possible to locate more jobs currently based at the mine site in the
soum centre, and to have more of the jobs located at the mine scheduled on a normal
working week pattern rather than the rotational schedule, for example, administrative roles,
support roles —cafeteria, cleaning? This could make employment for local residents less
disruptive of family and household patterns.

* Carbon. The potential benefit of carbon (CO, ) offsets can be explored with OT/Rio Tinto
pioneering carbon credits or voluntary offsets from the Khanbogd environment. Deserts are
scientifically identified as large carbon sinks, sequestering CO, below ground. Thus the
carbon market may pay the community for offsetting CO, provided by the soum’s arid land,
or the sequestration can serve to offset Rio Tinto’s carbon production elsewhere.

* All of the impact assessments and related studies have identified the need for a
comprehensive land use and infrastructure plan for Khanbogd soum (and potentially the
wider South Gobi region) given the importance of mining, transport and herding co-existing
in a mutually beneficial way. However little has happened on the ground. Is there a role for
IFC (given the investment in OT) and the World Bank Group (given its previous work on
sustainable pasture management)’ - to use their knowledge, resources and leverage to
accelerate effective development and implementation of regional land use and
infrastructure plans?

” Third Sustainable Livelihoods Project. $36.2 min. - http://projects.worldbank.org/ P125232/third-sustainable-
livelihoods-project?lang=en)
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* The impact assessments for OT demonstrate weaknesses that are common to impact
assessment for large scale projects of many different types and in many different locations.

o Expert assessments are made of different aspects, such as air, water, soil, land
use and impacts on communities and biodiversity are identified, but the results
of the individual assessments are then not examined holistically. Taking the
example of OT and herders, what is missing is a section in the impact
assessments that asks overall what are the combined impacts on herders of all
the impacts identified, drawing relevant information from each of the relevant
sections. This final step would, we suggest, enable potential problems and
grievances to be identified before they happen and more effective mitigation
measures to be implemented.

o Social surveys do not fully capture nomadic/semi-nomadic populations because
they are not conducted at enough different points in time or locations to
identify all the various land users and ways of using land that might be impacted
by a project.

7 Compendium of recommendations

The tables that follow draw together the recommendations of each of the studies. The
recommendations are organized according to the following thematic headings to assist TPC and the
parties agree their next steps:

* Recommendations relating to pasture

* Recommendations related to water and management of OT impacts on water resources
* Recommendations related to monitoring, reporting and community relations

* Recommendations relating to compensation.
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Recommendations relating to pasture

1 Local government needs to re-establish a grazing system, to adjust for the lost pasture
areas.

Soum should encourage traditional herder mobility and open access to water and land
and reduce actions by herders to restrict access to wells and land. New and additional
pasture can be opened through the well building programme. Herder rights to possession
need to be clarified and implemented.

Local government (Soum and Aimag) should be supported by central government in these
efforts by providing national experts and training; it will be important to increase
ownership of this efforts — herders, local organizations, and government on all levels (Bag,
Soum, Aimag, central government, and relevant professional agencies) need to carry this
effort, as opposed to external actors (OT, foreign experts).

While TPC has a crucial role in bringing stakeholders together, it is important that the
existing institutions and structures of community and government are the key actors (i.e.
bag meetings, bag representative khural, Soum khural etc., livestock unit, annual land use
planning procedure etc.). For example, herders should also consider how they can address
problems related to herding but not to OT, such as increased use of vehicles and vehicle
damage to pasture and the practice of locking wells, for example, by reviving or
strengthening traditional mechanisms for dealing with disputes about land and water.

Use the Agency for Land Affairs, Geodesy and Cartography (ALAGAC) process for
identifying resource use, rights and land planning in conjunction with local government to
document and secure customary herder use rights.

Support for these programs could be provided from revenue generated through OT (taxes
to central government, cooperation agreement at Aimag level, others); the lender (IFC)
could provide additional support while promoting local ownership of the process of
planning and implementation.

More detailed analysis is needed of increases in livestock numbers and absentee livestock
ownership.

2 Animal crossing areas on the OT road should have speed bumps on both sides of the
crossings to slow down traffic. This will be particularly important as construction traffic
ramps up and when production increases and will alleviate fragmentation effects

3 OT should rehabilitate any disturbed/abandoned sites as soon as possible in order to
make pasture available again as soon as possible, to shorten time of dust generation from
disturbed sites and minimize risks of accidents in quarries.
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Recommendations relating to water

1 OT should provide collective compensation in the form of a programme to construct new
shallow hand wells that are not lockable (such as the concrete shallow wells recently
constructed by OT).

* The wells should be dispersed across the 4 baghs to encourage migration and use
of alternate pastures and give the means for herders to continue customary
livelihood practices.

* The location of new wells should be based on groundwater studies to ensure
productivity and ensure that new wells do not affect existing wells and herder
preferences including concerns about impacts on, or from, wildlife.

OT and the soum should collaborate to set up a team of people (ideally a mix of full time
and part time workers) to build, repair and monitor the condition of wells. Funding should
be sought from the Co-Operation Agreement.

2 OT and the soum should set up a well maintenance system for existing herder wells in the
soum and those proposed above: we recommend that for a period of at least five years
this is funded under the Co-Operation Agreement.

3 OT should monitor and model a sample of the alluvial aquifers at geographically
distributed sites and undertake a hydrological study focusing on alluvial resources that
guantifies as far as possible OT’s past, current and predicted future impacts. This will
provide better understanding of shallow groundwater dynamics on which the herders
depend, strengthen modelling and in the future can measure changes in water resources.

4 Water delivery to herders is a temporary measure that should gradually stop. Over an
agreed timeframe the water resources around each site to which water is currently
delivered should be assessed. If there are existing functioning water wells then the delivery
programme can end; if there are no wells, then one should be constructed as part of the
proposed well building programme.

5 OT should improve the integrity of the Haliv-Dugat diversion channel to reduce erosion
and convey floodwaters of the Haliv-Dugat River more efficiently. This could be done using
joint fact finding survey to assess the stability of the diversion and identify areas of excess
erosion that could benefit from bank or bed hardening and reduction of ponding where
appropriate.

6 OT should provide adequate drainage mechanisms such as culverts, arches or armored
flood flow crossings, where appropriate, to reduce ponding and evaporation in the
watershed. A review of these areas and potential mitigation techniques could be done
jointly by TPC.

7 OT should convene the Independent Technical Review Board (ITRB) to review the seepage
and design modifications of the TSF and the potential for downstream impacts and report
results to all parties.

20

JSL Consulting Ltd. 38 Hayfield Road, Oxford, OX2 6TT, UK
UK Co. Reg. 04068123; VAT 768 4469 73
+44 (0)1865 512365/+44 (0)7500 729 681/Skype:shankleman




Multi-Disciplinary Team and Independent Expert Panel
Summary Report
January 2017

Recommendations related to monitoring, reporting and community relations

1 The environmental monitoring programmes for herder wells, dust and pasture/vegetation
should be redesigned and reorganised in order to provide robust long-term data credible to
herders and others.

* Programmes should be suited to herding practices to enable participation; be
verifiable by herders, and be designed and implemented using a joint fact finding
methodology to ensure scientific rigour, accessibility and credibility.

* Local monitoring should replace outsourced monitoring.

* The programme should include:

* herder well water (quantity and quality)

* additional monitoring wells downstream of the TSF

* dust

* vegetation/pasture quality. NB - For vegetation monitoring, fenced plots are
recommended. The fenced sites should be established in cooperation with herders
and soum officials.

*  soil moisture

* expansion of the precipitation gauge network.

Genuine involvement by herders is essential to monitoring success and a herder
responsibility in the process.

2 Progress with any new compensation, e.g. resulting from JFF recommendations, should be
monitored with information presented quarterly to TPC, i.e. applications made to the
Compensation Claims Committee; applications accepted; compensation agreements
reached; compensation delivered

3 OT should produce regular reports on the results of monitoring - and any actions taken or
proposed as a result of monitoring - and present these regularly to herders and others in the
community.
* Information should be direct, understandable and relevant to herders, reports to
the soum should be comprehensible to staff.
* Methods used at other Rio Tinto sites, such as real time dust monitoring data for
Pilbara, Australia should be applied in Khanbogd.?
* OT should present findings at the bag centres throughout the soum as well as in the
soum centre.

4 OT should produce an annual report to Khanbogd that presents information on the past
year’s performance and plans for the coming year, covering local economic impacts
including employment, local taxes and fees paid, local procurement; environmental impacts
- monitoring and management programmes and the related data, and social performance
including compensation programmes, support for vulnerable people, training and business
development, Co-operation Agreement projects, donations etc. This should be published in
the Mongolian language in a form which is accessible to herders.

5 Create an expanded community relations team. The team should comprise trained people
whose role includes ensuring effective two-way communication between OT and herders (as
well as others in the community). This would include participating in formal meetings, for

8 riotinto.com/documents/FAQ_air quality_monitoring.pdf
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example, bagh meetings, and maintaining close contact with the local administration and
elected officials; regular contacts with people in on-going compensation programmes,
including identified ‘vulnerable’ people, but also informal contacts established by spending
time travelling around across the soum.

The community relations team also need strong enough links within OT to be able to
provide herders and other local residents with up-to-date information about OT activities
(and during construction especially, the activities of contractors working outside the MLA
such as who is working where, and for what period of time and how recruitment is being
done), and be able to communicate back into management any concerns and issues they
become aware of.

6 OT should commission and disclose in advance of work starting the results of one or more
supplemental ESIAs to IFC standards to identify and consult on any additional impacts (and
impact mitigation measures) related to the underground mine project; the power
agreement; changed plans for workforce accommodation; the railway construction; paving
of the Khanbogd Soum to OT road, any significant changes to the project since the 2012 ESIA
was published and update the analysis of cumulative impacts of other infrastructure and
mining/oil projects. Assessment should consider if paving the soum centre to OT road will
create additional and faster traffic that would limit animal movements.

7 OT and other TPC members should clarify the options for recourse to an external body in the
grievance mechanism; communicate and consult on the current grievance mechanism with
herders and others in the community; revise the mechanism as necessary, and encourage
people with complaints about OT to use this mechanism.
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Recommendations on compensation

1. | OT should acknowledge to herders that there were problems in the approach used to
relocation by IMMI in 2004, particularly in communications.

2. | TPC should establish a 3-person ‘Compensation Claims Committee’ comprising one person
from each of the herder group, the soum and OT supported by an independent secretary
such as CAO to decide if herders in the categories listed in recommendations below are
eligible for compensation under the 2004 or 2011 programmes.

e}

O O O O

3. | The Compensation Claims Committee should establish procedures that include:

* Screening applications for compensation to check they are potentially valid, e.g. the
herder was registered in the soum at the relevant date, 2004 or 2011. The Committee
may decide on other screening tests.

* Requiring claims for compensation to be supported by evidence. For example:

Registration in the soum as a herder in 2004 or 2011 as relevant to the claim
being made, and,

A winter camp registration or lease for the relevant area, or

A spring camp registration or lease for the relevant area, or

Well registration for the relevant area, or.

In relation to claims to have been using pasture and water in or just outside
the 2004 or 2011 compensation zones by herders without camp
registrations, evidence may include statements from the soum authorities
and local consensus; evidence of livestock (ownership from soum records;
soum maps etc.
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4. | In relation to eligibility for 2004 compensation, herders in the following categories should be
entitled to present claims (supported by evidence as listed above) to be included
retrospectively in 2004 compensation:

o Any households with winter camps within the area designated for
relocation in 2004 but not included in the compensation programme
because they were not present at the time that surveys were done or
agreements negotiated.

o Any households with spring camps within the area designated for
relocation in 2004.

o Any herders with winter or spring camps close to, but outside, the
compensation zones that were similarly affected as those compensated.
l.e. where they can provide evidence that at that time they were using
the same pasture and water wells as those who were compensated.

o Families that were sharing a winter camp site but did not receive any
compensation.

o Households with camp registration who were not present at time of
compensation.

o Households registered with the soum as using pasture and water in or
just outside the 2004 compensation zone without a camp registration,
and affected by the loss of the same pasture and water wells as people
who were compensated.

o Herders with established winter and/or spring camps in areas that
others herders relocated to under the 2004 resettlement programmes,
and who can demonstrate that their access to pasture and water was
negatively affected by this relocation.

5. | Inrelation to the content of 2004 compensation:

* Each of the replacement winter shelters should be assessed by the Compensation
Claims Committee (or a sub-committee) to determine if they are adequate for the
number of animals held by the household at the time of compensation (this number is
recorded in each compensation agreement). Where the shelter is not adequate, it
should be repaired or replaced by OT to make it adequate.

* Those households compensated in 2004 (including any additional households added to
the list as a consequence of the process set out above in Section 6.2) that do not
currently have a household member employed full time in OT because the people
originally appointed lost their jobs should be offered the opportunity of employment for
one family member in underground construction (this will be temporary) or mine
operations. Note: This depends on there being a household member who is capable and
gualified for employment and meets OT employment criteria. The compensation
agreements should also be clarified to establish that OT has no obligation to employ
another family member once the employment of the existing employees is finished
whether by retirement, resignation or dismissal etc.; however, members of herder
households are able to apply for employment at OT and will be considered alongside
other applicants according to OT’s recruitment policy.
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6. | Herders in the following categories should be entitled to present claims to the

Compensation Committee to be included in 2011 compensation:

* Herders with camps close to, but outside, the compensation zones that were similarly
affected as those compensated. l.e. where they can provide evidence that at that time
they were using the same pasture and water wells as those who were compensated.

* Holders of Spring licences in the compensation zone at the time of the 2011
compensation or with spring camps close to, but outside, the compensation zone who
were similarly affected, i.e. where they can provide evidence that at the time they were
using the same pasture and water wells as those who were compensated®.

* Any herders who can provide evidence that they were using the same pasture/wells as
those who were compensated but do not have camp licences. Evidence might include
records showing the location of households such as well passports, hand-drawn maps,
or other kinds of registration materials which pre-date the camp license era.

* Households that were sharing a winter camp site that was included in 2011
compensation but did not receive any compensation.

7. | Inrelation to the content of 2011 compensation:

¢ OT should commission an independent audit of the implementation and results of the
2011 compensation programme

*  OT should develop tailored programmes to assist any the households compensated in
2011 that have not succeeded in restoring their income to that prior to displacement -
where the reduction in income can be attributed to economic displacement by OT.

* Build a team of well building, well maintenance and monitoring technicians to
implement the well building programme recommended by the Component 1 study.
(See Recommendation on Water.) Priority for employment in this team should be given
to members of the 2011 compensated households that have not succeeded in restoring
their livelihoods as long as there are members of these households capable of, and
interested in, doing this work.

* Recognising that Khanbogd soum is a challenging area in which to establish businesses
because of its isolation and small population, OT should continue supporting consultants
to work with herders to develop proposals for funding for herding related and other
businesses under the Co-Operation Agreement.

8. | OT should cancel the confidentiality clauses in the 2004 and 2011 compensation
agreements so that those who have been compensated are able to disclose information if
they choose to do so.

9. | Inrelation to impacts on the Undai River system organize discussions with households
named in the IEP2 report on livelihood support strategies (similar to consultations with 59
households after IEP Phase 1 report). A review of the names of households identified by the
expert should be undertaken by TPC or through a process with broader participation.

10| We recommend remedying a suite of OT impact issues, including interconnectivity and
fragmentation, through community compensation. Specifically, a programme to build a
series of shallow hand wells should be undertaken by OT in coordination with the Soum and

® The herder group have requested in their comments to the draft report that the impact zone be
extended by 5kms to address impacts to herders close to but outside the existing impact area. We
think that putting another arbitrary boundary is not the correct solution and that herders who
consider that they were impacted because they were using the same wells or pasture as those who
were compensated should make their specific case to the proposed ‘Compensation Claims
Committee’.
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Agency for Land Affairs, Geodesy and Cartography
Compliance Advisor Ombudsman
Compensation Claims Committee
Independent Expert Panel
International Finance Corporation
Ivanhoe Mines

Independent Technical Review Panel
Joint Fact Finding

Multidisciplinary Team

Mine Licence Area

Oyu Tolgoi

Non-governmental Organisation
Terms of Reference

Tripartite Council

Tailings Storage Facility
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Livestock inspection
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Water measurement

Drone
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Surface water, Bayan Bagh

Placing dust trap
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Qatari Wildlife Reserve

Coal trucks waiting at the border
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Introduction

This report addresses the following questions:

The changes to pasture and herder water in Khanbogd Soum since 2003

What part of these are due to OT, and what is the capacity of pasture and herd water to bear
future impacts caused by OT

What is needed to preserve/restore ecosystems and enable the continuation of traditional
herding.

The full terms of reference for this component are shown in Appendix 1.

11

Approach

The terms of reference for this component indicated that much of the information needed is
available in existing reports (secondary sources) but that additional fieldwork should be conducted
as needed to supplement the reports. In practice we drew on a wide range of secondary sources in
addition to OT documents, and conducted extensive fieldwork as well. Fieldwork assessed
conditions in May-July 2016; secondary data enabled expanded environmental interpretation and
insight into past environmental conditions.

2.1

Secondary sources included climate datal, remote sensing for satellite identification of
historical vegetation cover,? additional climate records3 and dust observation4, OT and lender-
mandated reports®, other relevant research and work relating to the environment,
government data and interviews®.

Fieldwork to collect new data included vegetation transect evaluation, water source
assessment, dust monitoring, environmental observation (covering 3,500 kilometres), herder
environmental and livestock surveys and comparison with herding conditions in Manlai Soum.
Detailed results of the fieldwork are shown in Appendices 3-9.

A herder environmental and livestock survey.

DETERMINE CHANGES TO KHANBOGD SOUM PASTURE SIZE, PASTURE
QUALITY AND HERD WATER

Context

1 Retrieved from soum and OT

2 MODIS (NASA)

3 Climate Research Unit, UEA, UK. See Harris et al. 2014
4 Aerosol Product MOD-4, NASA

5 Listed in Appendix 2

6 Appendix 2
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2.1.1 Climate and Environment

Climate frames the herding environment with traditional pastoralism coping with environmental
scarcity through adaptation, mobility and effective livelihood strategies. As Mongolia has
developed herding has transitioned from customary practices to the organised, controlled Negdel
approach and now to an independent, market economic based system. As livelihood approaches,
technology, vehicles and development have transformed herding, the environment has remained
a desert. Climate impacts on pasture and water remain the most important factor determining
pasture vegetation, water resources and availability and drought and dzud events.

Khanbogd Soum averages 95.3 millimetres of precipitation per year (soum data). This results in
low vegetation levels, little moisture, limited recharge of groundwater and high evaporation in
summer. High climate variability both within and between years are standard conditions (Figure
1).

Mongolia’s National Agency for Meteorology, Hydrology and Environmental Monitoring identifies
dramatic climate change in Mongolia with a 2° C temperature warming since 1940, melting
permafrost, variable precipitation and increasing extreme drought and dzud disasters’. Conditions
in Khanbogd are similar to climate trends across the country; the soum is experiencing a 40-year
warming trend and a slight increase in annual precipitation (Figure 1) (Appendix 3).

Summer rainfall is critical to plant growth and hence fodder for animals. Using a gridded global
dataset® (figures, Appendix 3) precipitation data for Khanbogd Soum (broken down into 6 zones)
and Manlai Soum (3 zones) shows:

= slight differences between climate parameters across the region.

= Khanbogd soum has experienced high rainfall years (2003, 2008, 2010) and droughts in 1989
and 2012.

= Across 6 zones Khanbogd Soum climate is similar over time (Appendix 3).

= Since 2002 the precipitation trend has been slightly positive (Appendix 3).

Focused on June, July and August from 1960-2013, the data provides a clear record of summer
rainfall over time in greater detail. Particularly important is the timing of precipitation for plant
growth and thus fodder for animals. In May and June, 2016 there were several rainy days (64 mm)
which affected pasture productivity (Climate, Appendix 3). As one herder remarked, ‘you can’t
count this year — there is too much rain.” This acknowledges the primary role of climate affecting
the environment.

" NAMHEM. Second National Communications, UNFCCC. 2010.
& Harris et al. 2014
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Figure 1. Average annual precipitation and temperature in Khanbogd Soum, 1976-2014. Source:
Khanbogd Soum.

2.1.2 Livestock Numbers
According to soum data, the number of livestock in Khanbogd Soum increased significantly from
2003 to 2015.
e Total number went from 53,346 to 133,013°, an increase of 149%.
* Using the Sheep Equivalency Unit to combine big and small animals (camel = 7 sheep,
horse, cattle = 6 sheep, goat = 0.9 sheep)’. Livestock density increased significantly; by
2015 this is equivalent to 321,160 sheep in the soum.

The increase in livestock and big animals has a direct impact on pasture and water resources.
* more vegetation and water is consumed by livestock.
* intensified livestock practices
* concentration at water points
¢ competition for herding resources

Increased animal numbers results in greater pressure on water and pasture resources. Higher
livestock numbers require more water, reflected in more water withdrawal. Livestock in an area
can lead to over-grazing of the limited pasture vegetation. Stressed water supplies, longer well
refill time and perception of water shortage can result from increasing the number of animals. All
baghs show expanded livestock numbers, reflecting the soum-wide trend. The impact is similar
both close to the MLA and away from the mine site (Appendix 4).

Traditional Mongolian herding adapts the number of livestock to environmental conditions.
Mobility and changing herd numbers and composition have been key livelihood strategies,
emphasising the benefit of open pasture access. Today socio-economic factors play an important
part in herder livestock decisions and lead to a transition in decision-making and pastoral
practices. The MDT was told in a bagh meeting that ‘we need water for our number of animals’;
this reflects a change away from naturally-determined animal numbers. The on-the-ground
implication is that more water and forage is needed for the new number of animals. Whilst

° Soum data, 2015
Osternberg 2012
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desirable for herders, that ignores the limited capacity for the soum or herders to build new wells.
The desire for water points to satisfy additional livestock demand is not a result of OT action. The
process highlights how OT is expected by some members of the community to perform functions
that are the role of the state. The 2016-2025 soum livestock development program plans to create
and rehabilitate water infrastructure (wells, storage, pumps), conduct grazing studies and
implement a pasture management plan'. We note the translation of ‘adequacy’ from Mongolian
to English (physical access vs well resources) in the Terms of Reference has led to some confusion.

2.2 Pasture

2.2.1 Pasture assessment

Pasture evaluation through fieldwork and remote sensing investigated how vegetation dynamics

changed over time. Our focus was to assess pasture and identify if physical factors related to the

Oyu Tolgoi mine have affected vegetation.

=  Vegetation cover in Khanbogd Soum was examined at twelve vegetation transects (Figure 2
below). Each transect was conducted at a water source to determine plant density,
composition and nutritional value for animals in an area used by herders.

= Remote sensing satellite data was used to establish and interpret vegetation and land use
patterns from 2003-2015 (Appendix 6). In drylands vegetation is driven by precipitation, thus
pasture results are closely related to climate.

2.2.2 Vegetation transects

At 12 randomly selected water wells data were collected along 1 kilometre (km) transects. All
transects were conducted north of the well. Vegetation measurements were taken at 25, 50 100,
200, 500, and 1,000 metres (m) from the water source to identify cover as a function of distance
from a well. At each distance a 50m section of pasture was examined. Percentage of plant basal
cover for each meter along the line was recorded as a measure of plant density. At each site plant
species growing along the transect were collected to establish species composition and animal
palatability (Appendix 5). 2016 was a particularly rainy year, including several days in May when
the MDT was conducting fieldwork. This would be expected to lead to higher cover than other
years.

The transects found:

* low vegetation cover across soum sites, averaging 6.2 to 8.4% cover in 12 sites (Figure 2).

* Site 9, northeast of the soum centre had higher coverage whilst sites near the MLA were
similar to more distant sites.

* These results reflect environmental factors, precipitation and land use (discussed below).
It is also important to note that the surveys were conducted in May; if done in July or
August, the results may have varied.

* The findings were lower than assessments done by OT where documents report cover of

' Khanbogd Soum Livestock Sector Sustainable Development Program, 2015.
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8-25% and higher across selected sites™**'* .

20 Vegetation Cover - Khanbogd Soum
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Figure 2. Vegetation cover at 12 transects in Khanbogd Soum.

2.2.3 Remote Sensing

Remote sensing using MODIS™ data presents a history of pasture vegetation from 2003-2015 in
Khanbogd Soum. The focus was on important sites — OT north entrance, Khanbogd Soum and bagh
centres. Results provide an assessment of changes in land use, degradation, shifts in vegetation
and evaluates if additional area has been removed from pasturage due to mining activities.

The data shows relatively high vegetation cover in 2003, 2008 and 2010, matching with above
average precipitation. Similarly, low rainfall in 2012 was coupled with very low pasture vegetation
levels. The variability shown on NDVI maps highlights the changing landscape from year to year.
(Appendix 6). We conclude that the main impact on vegetation cover is from rainfall.

2.2.4  Pasture Quality

Several points are relevant to understanding pasture quality.

= Nutritional quality. The May 2016 transects identified plant cover and types of and found that
most plants were palatable (edible) for animals.

=  The number of animals. This affects grazing pressure and pasture productivity. Livestock
numbers in the soum doubled from 2003 to 2015 (Appendix 5), having a resultant impact on
pasture use and productivity.

20T Non-Technical Summary ESIA 2012, p72.

*DEIA 2006, p. 263.

" Wwildlife Conservation Society. Core Biodiversity Monitoring, 2016, p70.
> MODIS (NASA): modis.gsfc.nasa.gov/data/dataprod/mod13.php
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=  Current OT activities — the current impact on pasture is minimal as activity and vehicles were
confined to the MLA and related infrastructure. There was no evidence of action detrimental
to pasture; past impact on herders is addressed in Component Il and the work of IEP.

= Assessing biomass and soil moisture were not in the Terms of Reference nor in the work plan
and were thus not assessed.

Additional factors affecting pasture reflect human decision-making by the soum government and
herders. The government role includes the assignment of herder camps (predominately for winter
and spring), well access and maintenance, facilitating mobility and access to pasture resources,
limiting possession and de facto ownership, such as locked water sources, conflict avoidance and
resolution and clear organisation/responsibility for several important factors affecting herding
pasture use. Examples include the Tavan Tolgoi road, the railway, roads and tracks, distribution of
fodder during emergencies and the Qatar wildlife reserve (extensive fenced exclusion zone east of
the soum centre), the strictly protected area, other road works and activity of companies. Herders
affect pasture through number and type of animals, migration and otor, concentration at wells,
herding additional animals for others and labour issues that favour income through number of
livestock rather than maximising income per animal. A combination of the above factors affects
pasture productivity. Contrary to expectation, grazing levels were visually higher near the MLA,
indicating herders find this a viable area. Again, 2016’s high rainfall points to the dominant role of
climate affecting pasture.

OT supported the development of 14 herder cooperatives and pasture user groups to improve
pasture use and herding practices'®. The initiative was to provide administrative support to
herders in similar environments to address livelihood pressures and issues and develop land use
plans. There was no on-the-ground evidence of externally-supported user groups or related
productive pasture and water management outcomes.

2.2.5 Land Fragmentation, Infrastructure

Land fragmentation near the MLA has a detrimental impact on herder access to land in the area.
The fracturing of a larger area, beyond individual factors (i.e. a road or the airport), is disruptive to
herding"’. The combination of OT-related infrastructure in one area creates an exclusion zone

that is an impediment to herding in the area and breaks up customary pastoral patterns and local
land use. This is most pronounced northeast of the MLA where infrastructure has reconfigured the
environment:

¢ Khanbogd road; airport road; airport; Gunii Hooloi (GH) road; GH pipeline

* Graded and paved roads divide the pasture and can serve effectively as a restriction to animal
movement. Herder vehicle tracks, found elsewhere, do not have similar impact.

The OT road from the mine to the border also divides pasture and creates difficulty for livestock

and wildlife to cross. Locals state that animals can be hesitant to attempt to cross the road and

' Oyu Tolgoi Pastureland Livelihoods Improvement Strategy 2013.
v Oyu Tolgoi Socio-Economic Impact Assessment Final Report. 2009.
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that camels and wildlife are most likely to cross late at night. Animal crossings exist, yet as a
herder said, ‘animals cannot read the signs’. OT states there have been no herder livestock
mortality on the road whilst a herder claims camels were killed on the road. The greater point is
the limited effectiveness of the animal crossings as observation shows no reduction in speed by
vehicles passing animal crossing zones.

2.2.6 Drone

A drone (flying aerial vehicle with photographic capacity) was used to provide aerial assessment of
pasture, water and environment. The aim was to identify vegetation density and patterns, map
physical landscapes, study livestock patterns at water sites and evaluate degradation in the vicinity
of the mining exclusion zone, wells and settlements. However, poor weather conditions interfered
with the drone work. Several days of rain and high winds prevented safe flying of the drone.
Several attempts were ineffective, resulting in spectacular crashes but no photographic data for
assessment.

2.2.7 OT land requirements

The land area disturbed by OT is estimated at 200 km”*® of the soum’s total of 15,200 km* *°. The
area covered by the MLA and related infrastructure is 104.1 km?® ?°. At 86.2 km? the MLA covers
most of this area, followed by the water pipeline and airport sites. Extensive travel throughout the
soum supports that the 200 km? figure covers additional physical impacts. This represents 1.3% of
soum territory - 0.6% is fenced and inaccessible (MLA) and 0.7% is disturbed (roads, pipeline,
fragmentation). The State Inspection Report of Pasture Quality and Condition in Khanbogd Soum
(ALAGC)* found ‘only slight changes’ in pasture area from 2003-2010. The report identifies 13,476
km? of pasture land in the soum.

2.3 Water
2.3.1 Water sources.
In Khanbogd there has been much discussion about the lack of water, falling water levels in wells
and the need for deep wells by both herders and soum officials. Fieldwork was designed to
investigate water issues, changes to herder water resources and OT’s potential impact on water.
Work evaluated water sources, distribution, quality and access and changes to water dynamics
since 2003. The lack of baseline water data precluded clear identification of change over time in
water resources.

¢ assessment of water records and reports was carried out. This focused on ESIA’s, RPS

AquaTerra, IESC and other reports and OT water monitoring data (see Appendix 2).
*  Water availability is related to climate and precipitation for supply

¥ Mongolian Society for Range Management, in the 2012 ESIA, C-10.

1% Khanbogd Soum Livestock Sector Sustainable Development Program. 2015

0T 2012 ESIA, C-10.

2! state Inspection Report of Pasture Quality and Condition in Khanbogd Soum 2010. Conducted by
Lanres Co.Ltd for the Department of Land Affairs, Construction, Geodesy and Cartography.
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* livestock numbers affect demand
* potential impact of OT drawdown a serious concern
* uncertainty regarding water supply highlights the need for ongoing water monitoring

Investigation at a random sample of 67 sources (Table ) across the 4 main bags identified:
*  69% of water points were shallow hand wells
* at >80% of these the water level is less than 2 metres
* Motorised deep wells comprised 21% of water points
* 85% of deep wells were locked.

This highlights two key issues — the majority of water is retrieved from shallow hand wells (yet
both herders and soum officials stress the need for motorized deep wells) (Table 1) and access to
existing water has been reduced through physical (locked wells) or implied (winter camp) means
of control (Appendix 7). Herders contend wells are locked to protect water points; the soum states
that wells belong to the government and should be used and maintained collectively. The majority
of water sources were of good to satisfactory quality; some had high pH or dissolved solids (TDS)
levels (Appendix 7). As spring 2016 was rainy, potentially positively affecting water levels and
creating temporary surface water sources in addition to wells. Well depth and recharge rates were
not part of the ToR and were not assessed.

Table I. Type of water source; water level in hand wells.

Water Well Type  # % Hand Well - Level
Hand 46 69 Metres # %
Motor 14 21 <1 12 26.1
Surface 5 7 <2 24 52.2
Delivery 2 3 <3 4 9
<35 2 4.3
<9 2 43
unknown 2 4.3

Field and report review of OT-Herder water monitoring showed that a number of monitored wells
had similar water levels from 2011 to 2016 Discrepancies emerged concerning the number of
wells that OT had built or renovated (103) between OT reports and the number the soum (37) had
recorded. This is representative of poor communication between different groups in the soum and
the difficulty in assessing a factual basis for assessing water resources. The doubling of livestock
numbers from 2003-2015 (see section 4.2) suggests there have been adequate herder water
resources in soum for the significant expansion of herd numbers (Appendix 4). Animal increases
reflect herder decision-making and is not related to OT (see Component 2 report). The growth in
livestock numbers has had direct environmental impact, increased water demand and drawdown,
concentrated animals near water sources and consumed more pasture resources. This also
escalates competition for pasture and water amongst herders. The increase in livestock numbers
has been greatest in Javkhlant and Gaviluud Baghs, areas nearest to the mine site (Appendix 4).
Herders continue to move and go on otor, signaling water availability as this enables or limits
pasture access.

20T Water Monitoring Report, comparison graphs. 2016.
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The way water is accessed by herders is changing. Motorised pumps are being used to draw water.
This is the process at deep wells and increasingly, pumps are used at shallow wells. Whilst they are
efficient at withdrawing water, they do so at a much faster rate than if done by hand. The result is
that wells are drawn down quickly, take longer to refill and sufficient water is drawn to leave
troughs full beyond what animals will consume at the time. A customary assessment of well water,
how long the well takes to refill, is not a suitable measurement when using motorized pumps to
withdraw water. This appearance of abundance is different than in the comparison soum.

2.3.2 Aquifer interconnection

The MDT finds potential interconnection, however slight, of shallow and deep aquifers across the
soum is the major OT related water issue in Khanbogd®®. There are copious reports on water yet
there is a lack of clarity on the issue?®. In 2009 OT asserted there would be no connectivity”, now
the possibility of linkage between shallow and deep aquifers in the soum is acknowledged®. Nine
such wells have been identified by OT and are in the process of being remediated. The number
and future impact, if any, is unknown. To assess the complex water history a review of the
hydrological documentation found that:

* it has been established the alluvial aquifers are connected to weathered bedrock in the
MLA. There is a slight possibility of reduced water supply in unspecified wells in the soum
from loss in the alluvial aquifer due to groundwater abstraction. The possibility was
addressed in the Aquaterra regional groundwater model”’.

* abstraction from the bedrock aquifer for water supply would tend to increase the
hydraulic gradient from the alluvial aquifer.

* no details are available on any modelling of alluvial aquifers. Conducted in other parts of
the world, this would add parameters to improve understanding of yield variability,
sustainability and modelling. This can assist in management and monitoring supply.

* there is a lack of monitoring data on the alluvial aquifer from first exploration until present
to confirm that leakage did not occur.

* baseline and updated information on herder experience of watering and water
requirements has not been reported. There is no discussion of historical interannual
variability of water supply or mapping of herder watering experience geographically to
inform on local aquifer availability relating to OT activities.

 some loss of water during construction has been acknowledged®.

* there are not details on how groundwater in the alluvium is being managed.

* Undai diversion has affected storage in the upstream alluvial aquifer.

Additional points:

2 World Bank. 2010. Mongolia - Southern Gobi regional environmental assessment.

! note that groundwater modeling for Gunii Hooloi was revised after this report was submitted.
2 ESIA 2009, p 104.

60T comments on draft MDT report, November 2, 2016.

7 Water Monitoring Plan, Aquaterra. 2013.

*ESIA C5 2012.
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* baseline and updated information on herder experience of watering and water require-
ments has not been reported. There is no discussion of historical interannual variability of
water supply or mapping of herder watering experience geographically to inform on local
aquifer availability relating to OT activities.

* there are not details on how groundwater in the alluvium is being managed.

* Undai diversion has storage the alluvial aquifer

The OT water borehole® report identifies 476 boreholes in the area with variable monitoring
levels. Several of these boreholes were drilled before OT was in charge of operations.
Interconnectivity has occurred; it cannot be established beyond a reasonable doubt that aquifer
leakage will not happen in other parts of the soum. However slight the potential of future
interconnectivity, the salient point is not the specific location but that OT is not able to
demonstrate that this has not nor will not occur in other locations. If there is interconnection
there may be a lowering of shallow water that herders use. This point is identified in the report on
Gunii Hooloi*®. Hydrological investigation identifies that there is the possibility for connection; OT
acknowledges responsibility to prevent loss of herder water resources due to actions of the mine.

6.3 Missing springs and water

Herders concern expressed to the IEP? about the loss of several wells and springs (listed in the
MDT 2nd progress report) was not borne out on inspection as part of MDT fieldwork. Several of
the sites had water (water test results 60-67, Appendix 7), were unused due to disrepair rather
than lack of water, or other nearer water sources existed. In one instance 3 identified ‘lost’
sources were near a functioning OT-built deep well (N 43.0964; E 106.7171). Past productivity of
listed springs could not be assessed; 2 were near working wells, one had been made into a well,
one had some moisture present. It was not clear that changes in sources or water level would
have affected herding viability, nor were changes directly attributable to OT. The spring issue is
part of the broader concern for water drawdown in boreholes addressed elsewhere.

The Undai River is reviewed in the IEP water report.

24 Dust
Dust was identified by herders as a major environmental challenge to herding in Khanbogd Soum.
To monitor dust impact 43 dust traps were placed throughout the soum in May, 2016. This
enabled assessment at locations important to herders (methods and map - Appendix 8). The aim
was to identify amounts of aerosol dust at different sites in the soum and determine areas of
concentration.

* Trap placement was done to cover both the exclusion zone and areas further from the

mine site to record dust deposition rates both near to and at a distance from the MLA._

2 OT Bore ID Summary, etc. 2015.
% Gunii Hooloi Groundwater Model Report. RPS Aquaterra 2013. 2015.
1 |EP Phase 1 Report, 2015.
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These included points on the Khanbogd-OT road, near the Mine License Area (MLA), at
herder camps, bag centres, at water sources and in the soum (Appendix 8). Some sites
were suggested by herders whilst the majority were placed by the MDT.

The wide spread of sites was essential to identify dust deposition rates across the soum.
The traps provide a local-scale assessment of dust in the soum.

Due to distances and schedules traps were placed and collected on different dates, thus
weather and environmental conditions are not directly comparable.

Unusually, May 2016 experienced several days of rain and winds that will have potentially
impacted dust collection and retention at different sites. Cognizant of this, results give an idea of
dust deposition in the soum; results are suggestive rather than definitive. Findings showed that
dust volume varied across the soum (see Appendix 8).

Highest levels were two sites on the Khanbogd road, yet other sites also on the road had
1/4 to 1/7 the amount of dust.

Similar high amounts of dust were found in the soum centre and at an isolated site at the
powerline.

Nomgon Bag centre had more dust than Javalant or Gavaluut Bag.

Sites at the old airport, on paved sections of road and at 250 metres off the Khanbogd
road had low dust volumes.

Some sites near OT were relatively low whilst locations east of the soum centre were
higher.

Independent variables of location, wind, weather and environment were relevant rather
than vicinity to the mine, old airport, paved road or herder camp.

Chemical analysis was not part of the ToR nor work plan. In any case chemical analysis
does not link to sources (only infers). If future chemical tests are done this would only be
worthwhile if it is linked to chemical signatures from within the MLA to differentiate OT
sources from coal transport, Gobi dust etc.

Findings along unpaved sections of the Khanbogd road were mixed with low to high volumes
recorded. Results and observation suggests Khanbogd road has limited dust impact beyond
the immediate (to 250 metres) vicinity, reflecting international norms for dust assessment®?,
and notes that a percentage of traffic on the road is not OT related but local vehicles.

Several other potential dust sources exist beyond the MLA:

railway construction,
coal trucks on Tavan Tolgoi road,
the road to Manlai Soum,

32 Only locations within 200 metres of roads are considered affected by air pollutants. UK
Highways Agency Design Manual for Roads and Bridges. standardsforhighways.co.uk/ha/stand
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ards/dmrb/vol11/section3/ ha20707.pdf. PMio impacts are considered negligible beyond
>200 m.

* quarries and dirt pits,

* new powerline construction,

* vehicle traffic in Hairan Bag near the Chinese border,

¢ dryriverbeds,

* areas of livestock concentration

* herder vehicle tracks.

Driving tracks were as much as 75 metres wide in Javalant Bag and 55 metres wide in Bayan Bag
(in comparison Khanbogd road is 11 metres wide with 2-4 metre soft edges). Heavy truck traffic
(particularly coal transport) on dirt tracks, creation of new tracks and digging up of riverbeds for
local (non-OT) construction material can instigate erosional process and provide source material
for dust transport.

Primary and secondary investigation focused on amount and distribution of dust. Evaluating the
impact of dust on human health was beyond the scope of the investigation. In rural desert
locations testing for lung and respiratory health would first a) assess smoking, well-established as
the greatest respiratory risk, b) smoke from cooking stoves, and c) ambient dust®. In arid
environments residents grow up in dusty conditions, thus it is difficult to assess ‘additionality’ or
source of dust*. An example is that Khanbumbat airport was temporarily closed due to dust
storms on May 22, 2016. This reflects landscape-wide events and the fact that large-scale dust
events occur in the desert environment; it is not possible to clearly identify or separate dust
sources. We note that there were no admissions at Khanbogd Hospital for dust-related symptoms
in 2015-2016.

To establish an historical dust record we performed an aerosol optical depth analysis for
Khanbogd Soum through use of MODIS remote sensing data measuring dusty conditions>>. Results
show high variability in the 2000s, perhaps associated with mine site development and transport
from Tavan Tolgoi on unpaved roads. High dust levels were found in the soum from 2005-2010
(Figure 3 below). After Fall, 2010 there is a notable decrease in dust. 2011 to 2015 show intra-
annual fluctuation with higher dust levels in spring (related to wind patterns) and lower levels in
fall, fluctuating between 0.1 (very clean air) and 0.3 (dusty conditions). OT dust monitoring shows
similar to lower dust levels; indications are that dust is not a major source of environmental
disturbance.

The IESC*® identified exceedance of Mongolian dust standards both on and offsite in 2013. Whilst
current OT dust monitoring shows satisfactory dust levels, past exceedance points to the need for
continued monitoring and clear communication of results to the community.

3p_Baxter, Cambridge Medical School, personal communication, 2016.
** ibid.
%> Aerosol Monitoring MOD-4, NASA.
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* Independent Environmental & Social Consultant, Oyu Tolgoi. D’Appolonia S.p.A., p. 67, 2015.
Livestock health may be impacted by dust yet claims about livestock illnesses influenced by dust
have received limited investigation in the South Gobi region®’. In 2011 the Mongolian National
Veterinary Center conducted preliminary research on livestock illnesses related to coal dust®. An
independent study cited in the 2015 RAP*® identified ‘no major difference in health status of
animals located in areas of infrastructure development’ in Khanbogd, Bayan Ovoo and Manlai
soums. The 2015 OT Animal Health Assessment® evaluated 238 samples from 109 livestock.
Laboratory testing was conducted on samples from 41 animals of which 12 indicated some
changes in lungs with 9 not far from standard. Animal health should continue to be monitored to
assess potential dust impact on livestock health.
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Figure 3. Remotely sensed dust assessment in Khanbogd Soum using MODIS aerosol programme
(NASA 2016; giovanni.gsfc.nasa.gov/giovanni). Value 0.1 = very clear - blue dotted line; 0.4 = very
dusty - red dotted line. Black line represents aerosol dust trend from July 2002 to July 2016
showing slight decrease in soum-wide dust over time (r’= 0.033).

%7 Jackson, S.L., 2015. Dusty roads and disconnections: Perceptions of dust from unpaved mining
roads in Mongolia’s South Gobi province. Geoforum, 66, pp.94-105.

%8 Orgil, D., et al. 2011. Environmental Review of Umnugobi Province and Negative Influence of
Mining Industry to Livestock Health. National Veterinarian Hygiene Laboratory Center.

3 OT Resettlement Action Plan (RAP), 2015.
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%0 OT Animal Health Assessment, 2015.

At present there is little evidence of OT-sourced dust impact. OT monitoring of particulate matter
PMy, in the MLA/exclusion zone identifies low dust concentration in the area*’. Dust should
continue to be monitored when the mine expansion occurs.

2.5 Comparison with Manlai Soum

As a comparison site the MDT evaluated environmental conditions in Manlai Soum (Appendix 9).
Extensive travel assessed pasture and water resources, herder activities and perceptions of
environmental challenges in an environment similar to Khanbogd. Pastoralism in Manlai Soum
follows a more customary environmentally-driven approach that is without the presence of a local
mine. Herders were well aware of Oyu Tolgoi and Tavan Tolgoi with some community members
working at the mines.

Manlai herders stressed weather and climate change as challenges and did not have expectation
of external assistance. In both soums herders do not regard the government as able to reduce
herding challenges such as organization, water resources or infrastructure. Observation and
surveys identified Manlai Soum had:

* |ower vegetation levels,

* greater extreme weather events

* amore positive view on pasture quality, water supplies and animal health.

* the majority had <300 livestock whilst in Khanbogd the majority had >300 livestock
* water levels were somewhat lower

Climate varied over time, 70% of well tested were hand wells, more families shared wells than in
Khanbogd and herders had fewer animals (Appendix 7). Movement, otor, perceptions of weather,
dust and decline in wildlife were similar. Herding concerns in Manlai focused on environment and
climate whilst in Khanbogd a range of environment and socio-economic were important.

Manlai Soum presented typical herding dynamics and environmental challenges and was more
representative of herder conditions in Mongolia than Khanbogd Soum*****. This highlights how
the presence of the mine has affected herder perspectives in Khanbogd and created different
perceptions than were found in a neighbouring soum.

2.6 Herder Environmental perception survey
Herders have a strong negative view of environmental factors. A short 24-question survey on
environmental factors was completed by 53 herders in Khanbogd. The general findings identify
climate conditions as worsening with:

* changing temperatures in winter (68% respondents) and summer (63% respondents),

*1 OT Daily Mean Dust Results, 2016.
* Sternberg 2012
* Middleton et al. 2015
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* Ahearn 2016

decreased precipitation (94%) and increased dust (77%)

67% state there is not enough water for animals, 40% identify poor water quality

60% identify poor pastures.

91% of herders migrate, 72% move 3 or more times a year and 66% migrate more than 20
kilometres annually.

Drought was seldom mentioned whilst 18% cited dzud in 2009 or 2010.

Wildlife and biodiversity are felt to be decreasing.

Negative environmental perceptions are widespread across the soum though climate data shows
weather is variable. Impacts on herding livelihood were several and diverse, with sixteen different
factors identified. Climate and environmental issues predominated followed by socio-economic
factors. There is an apparent contradiction between perception and landscape productivity as
pasture and water levels have been sufficient for a doubling of livestock from 2003-2015.
Continued mobility indicates that herders are able to find adequate pasture and to resolve land
and water access issues.
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3. CHANGES TO PASTURE AND WATER IN KHANBOGD SOUM

There are several factors that affect the herding environment in Khanbogd Soum: climate and
natural forces; herder behaviour; the decisions and actions of government and other private
sector actors, and OT activities. We find that each of these has affected, or currently affects
pasture and the water resources available to herders in Khanbogd Soum.

= The principal factor is that Khanbogd Soum is an arid desert environment averaging 95 mm of
precipitation per year but with significant variability from year to year. The pasture and water
resources available to herders are primarily determined by climate.

= Remote sensing data on vegetation compared with precipitation records shows high variability
from year to year in precipitation and related vegetation and water levels.

= In some years, and in some locations, depending on rainfall and herder behaviour, there is
acute pressure on pasture and water, but overall the increase in animal numbers shows that
herding remains viable in the Soum.

= Herder behaviour also affects pasture and water resources. In particular the significant
increase of livestock numbers since 2003 requires additional amount of water and vegetation.
In addition, several factors lead to reduced mobility and a concentration of animals in some
areas.
- household splitting, sedentarisation, e.g. to be close to the soum centre
- animal concentration around water points leads to pressure on some pastures
- poor maintenance of wells
- efforts by some herders to control resources though locked water points
- possession of winter camps being used to protect perceived rights to use pastures access

» Disturbance or loss of 200 km? of pastureland to OT infrastructure, MLA and roads.

Alongside changing socio-economic factors (vehicles, increased expenses, migration to the soum
for education and services) herding differs in Khanbogd from other Gobi and Mongolian soums.

We find that there has also been a significant transition in how herders use and perceive the
environment in Khanbogd Soum since 2003. There is a widespread sense of disruption and
uncertainty particularly related to the presence of the OT mine; changes in how people
understand their and others’ rights to water and land, and increased use of vehicles for herding
(with related pressures to pay for fuel) and construction of fixed houses. Herding is shifting to
maximising pasture and water use for personal advantage rather than following a customary,
shared resource approach to land use. The increase in animals and decrease/changing mobility
and changing household and labor organization places stress on pasture resources and requires
more water. Herders need to acknowledge the environmental impact of changes in pastoral
practices and recognize that their decisions affect long-term pastoral viability.

= National and local government and other companies have made investments that affect
herding, for example, construction of the railway, the Tavan Tolgoi road and the Qatar wildlife
reserve. In addition, the soum authorities appear to have limited ability to deal with forces
affecting pastoralism and the environment. Factors beyond the soum’s control (infrastructure)
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are coupled with limited planning and management that sees the soum react to events and
pressures rather than organising efficient claims on pasture that enable mobility, maintaining
water wells and accessing unused pasture. The soum’s 2015 Livestock Sector Sustainable
Development Program addresses relevant issues; its implementation should be strongly
supported. Shortcomings of the government are reflected both in its local management role
and an apparent lack of attention to the soum from the national government. Indeed, both
the herders and soum look to OT for direction and money though it is not OT’s role to organise
herding and soum development beyond contracted responsibilities.

= In the recent past OT exclusion zone and infrastructure (MLA, airport, roads, water pipeline)
displaced or inconvenienced herders (addressed in MDT Component 2 and 3). OT currently has
limited known direct impact on pasture and vegetation. Mine interaction with the land is well
organised and follows identified, standardised procedures such as no off-road driving. Impacts
on the environment include risks to animals from traffic on the OT road and dust in the
immediate vicinity of the Khanbogd road (now in the process of being paved).

* However, there is a potentially very significant issue of the possible connection between
shallow and deep aquifers resulting from the 476 boreholes drilled on behalf of OT. A lack of
baseline monitoring data means that there are no reliable, long term records of water levels
in herder wells enabling present and past (before drilling) comparisons. The 2013 RPS
Aquaterra report states that a few wells near Gunii Hooloi may be affected. Due to poor
initial methodology for borehole construction and record keeping the potential for leakage
cannot be negated beyond a reasonable doubt. Many herders are very concerned about
damage to their water resources. Identification of 9 cascading boreholes, now being
addressed by OT, establishes the possibility, however slight, of interconnectivity elsewhere in
the soum. Uncertainty regarding water supply highlights the need for ongoing water
monitoring.

Monitoring - OT appears to have fragmentary knowledge of the local physical and social
environment and has contracted out much work, e.g. on groundwater and pasture
management, with limited oversight or involvement, to parties that lack a presence in the
soum. As a consequence, OT lacks a cohesive approach to environmental engagement and can
better integrate its environmental monitoring or pasture management processes. Staff are
knowledgeable in their sub-field but a unified approach was not presented. The result is much
data but poor explanation or justification, ineffective communication and low trust levels in
the community. Some work is now being transferred to the soum though it lacks time and
employees to adequately monitor pasture. Further, results of efforts to develop cooperative
herding groups to strengthen pastoralism were not evident.

= Dust - Apart from the immediate transport corridors created by OT (roads) and the local
community (tracks), dust is not a major environmental impact at this time. Dust generation in
the soum peaked in 2010 and levels are now satisfactory on the large scale; at individual sites,
primarily the Khanbogd road, dust is generated along the roadway but has limited dispersal
and will cease when paving is completed. Traffic includes OT and non-OT vehicles, thus OT
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cause a part, not all, of the localised road dust. Herder vehicle tracks throughout the soum
also generate dust.

= Qverall, we conclude that whilst there are issues of concern — particularly relating to potential
aquifer connectivity - and to monitoring, the principle impacts on pasture and herder water in
Khanbogd Soum come from sources other than OT. Little credit or acknowledgment is given by
herders to OT for developing and rebuilding some of the water sources that herders use. The
lack of effective pastoral governance now sees OT cast in the role more commonly ascribed to
government; this is in clear contrast with Manlai Soum.

4. RECOMMENDATIONS FOR 1) RESTORING/PRESERVING ECOSYSTEMS AND TRADITIONAL
HERDING, 2) CAPACITY TO BEAR FUTURE IMPACTS OF OT

= Based on the analysis of pasture and water, we have the following conclusions and
recommendations.
* Inrelation to pasture:

o  The principal source of variation in vegetation is precipitation.

o Human decision-making by herders and the soum authorities have significant impacts
on pasture use, distribution and grazing intensity. Efforts by the authorities to
encourage traditional herder mobility and open access to water and land, and reduced
actions by herders to restrict access to wells and land, are needed before high grazing
levels in some areas will change. The soum needs to take an active role in promoting
effective customary herding practices and in opening up new areas in the soum for
herding. There is much unused pasture, particularly in the northern, eastern and
southern areas that can be productive if water is available; the Strictly Protected Area
is excluded. The definition of herder rights to possession (winter, spring camps, wells
etc.) and what these rights mean for use of land and wells by other herders needs to be
clarified.

o  Paving the Khanbogd road (now in process) will resolve dust along the road corridor
and should be undertaken as scheduled during 2017-18.

o Animal crossing areas on the OT road should have speed bumps on both sides of the
crossings to slow down traffic. This will be particularly important as construction traffic
ramps up and when production increases and will alleviate fragmentation effects.

o Land fragmentation, as identified by the IEP report, to the northeast of the MLA is a
concern that can be addressed through collective compensation.

= |nrelation to water:

o The potential interconnectivity, however slight, of shallow and deep aquifers is an
ongoing concern for herder water that needs to be mitigated by OT. Existing cases
highlight that the issue remains a concern across the soum. As part of collective
compensation (below) we recommend OT construct a series of shallow hand wells
across the soum, particularly in areas where there is pasture but no wells. The wells
should be shallow (not deep), robust and durable, provide community access and not
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lockable - e.g. the concrete shallow wells recently constructed by OT for herders are
suggested.

The aim is to:

1) open up new and additional pasture across the 4 baghs to encourage migration and
use of pasture resources and give the means for herders to continue customary
livelihood practices.

2) fill gaps in usable water in currently used pasture areas.

The wells should be dispersed across the 4 baghs to encourage migration and use of
new and alternate pastures and give the means for herders to continue customary
livelihood practices. The soum and OT should cooperate on this programme to mitigate
the impacts of OT on water resources, land fragmentation by OT, limited government
organisation of soum infrastructure and ineffective herder land use planning. The soum
needs to enable and ensure greater herder access to pasture.

Our expert view is that more hand wells of simple, solid design at lower per unit cost
enables greater water and pasture access and is much more valuable than expensive
and complex designs. Reports commission by OT in 2007* and 2010* identified
approximately 320 hand wells; since that time livestock numbers have increased
significantly. We suggest 75+ hand wells be constructed to encourage migration to
outlying pastures. A series of wells enables small animal mobility; where pasture is only
suitable for camels wells can be further apart.

The location of new wells should be based on groundwater studies to ensure
productivity and that new wells do not affect existing wells. Siting should be done in
conjunction with the soum to ensure greatest possible pasture access for all herders.
Wells address gaps in prior collective compensation.

o We recommend monitoring and modelling of alluvial aquifers at geographically
distributed sites and hydrological study focusing on alluvial resources that quantifies
OT'’s past, current and future impacts. This will provide better understanding of shallow
groundwater dynamics on which the herders depend, strengthen modelling and in the
future can measure changes in water resources.

o  Water delivery to herders is a temporary measure that should gradually stop because it
creates dependency and anxiety (herders worry about if and when it will stop) and is
not sustainable in the long term. Over an agreed timeframe the water resources
around each site to which water is currently delivered should be assessed. If there are

** perception Study on Water Use in the Khanbogd Soum. 2007. Center for Policy Research.
* Sustainable Pasture Management Project in Khanbogd Soum. 2010. Mongolian Society for
Rangeland Management.
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existing functioning water wells then the delivery programme can end; if there are no
wells, then one should be constructed as part of the proposed well building
programme.

o A well maintenance system is needed for existing herder wells in the soum and those
proposed above. We believe this could be part of a collective compensation
programme to fill gaps in compensation.

o The lack of baseline water data affected the ability to identify the change over time in
water resources.

o We see no reason why water reports and data can not be made available to the
community.

= Inrelation to monitoring and communications between OT, herders and the soum authorities:

o The environmental monitoring programmes for herder wells, dust and
pasture/vegetation should be redesigned and reorganised in order to provide robust
long-term data credible to herders and others. Programmes should be suited to
herding practices to enable participation and be verifiable by herders. The programme
should include herder well water (quantity and quality); dust and vegetation/pasture
quality and be designed and implemented using a joint fact finding methodology to
ensure scientific rigour, accessibility and credibility. Local monitoring should replace
outsourced monitoring.

o  OT should produce regular reports on the results of monitoring - and any actions taken
or proposed as a result of monitoring - and present these regularly to herders and
others in the community. Current communication may be well-intentioned by is
unsatisfactory. Information should be direct, understandable and relevant to herders,
reports to the soum should be comprehensible to staff. Methods used at other Rio
Tinto sites, such as real time dust monitoring data for Pilbara, Australia
(riotinto.com/documents/FAQ_air_quality_monitoring.pdf) should be applied in
Khanbogd. OT should present findings at the bag centres throughout the soum as well
as in the soum centre. Genuine involvement by herders is essential to monitoring
success.

o  For vegetation monitoring, fenced plots are recommended. These should be done in
cooperation with herders and soum officials.

* Inrelation to land use:

o Khanbogd soum faces an array of current and likely future demands on land for new
infrastructure and potentially for other mines and resource extraction. At present the
soum administration lacks the capacity or powers to address the challenges these
developments pose. There is an urgent need for comprehensive strategy
implementation for land use and protection of rural livelihoods. We would like to see
OT and its lenders (especially IFC as part of the World Bank Group) deploying their
networks and leverage to work with national and local government and external
(international) agencies on soum-level strategies and plans to maintain herder
livelihoods in the context of these changes.

21
JSL Consulting Ltd. 38 Hayfield Road, Oxford, OX2 6TT, UK
UK Co. Reg. 04068123; VAT 768 4469 73
+44 (0)1865 512365/+44 (0)7500 729 681/Skype:shankleman



Joint Fact Finding

Impacts of Oyu Tolgoi on Herder Livelihoods and Local/Regional Water Sources

MDT Component 1: Evaluation of the Quality of and access to pasture and herd water
January 2017

* Collective compensation:

o We recommend remedying a suite of OT impact issues, including interconnectivity and
fragmentation, through community compensation. Specifically, a programme to build a
series of shallow hand wells should be undertaken by OT in coordination with the Soum
and after hydrological study for site location. Wells should be in underused areas of the
soum including northern, eastern and southern regions. This serves to open potential
new pasture and herding areas to encourage customary herding and addresses water
and pasture issues. This addresses general OT impacts through collective benefit to the
community that encourages customary herding viability in the soum.

2.7. APPENDICES

Appendix 1 — Terms of Reference
Appendix 2 — Documents reviewed
Appendix 3 - Climate

Appendix 4 - Livestock

Appendix 5 - Pasture

Appendix 6 — Remote Sensing
Appendix 7 - Water

Appendix 8 — Dust

Appendix 9 - Manlai Soum
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Appendix 1 — Component 1, Terms of Reference

Component 1: Evaluation of quality and access to pastures and herd

water

The size and quality of available pasture, as well as access to water, is a major determinant
of the number of animals that herders can raise, which in turn determines herders’ standard
of living from traditional nomadic pastoralism. Therefore, in order to assess OT’s impacts on
herders’ livelihoods, the MDT must first assess impacts on pasture and water.

Component 1 focuses on these aspects of impacts on herders’ livelihoods and has three
parts:

Part A — With reference to primary and secondary data, complete a pasture count and a
guantitative and qualitative assessment to determine, to the best extent possible, changes
to Khanbogd soum pasture size, pasture quality and herd water from 2003 to present.

Part B — Specifically map, to the best extent possible, the changes to pasture and water that
are attributable to the OT project.

Part C — Evaluate and develop recommendations regarding: (1) methods of restoring or
preserving natural ecosystems and traditional livestock herding in Khanbogd soum as well as
in Gobi region at large; and (2) whether there is capacity to bear the full scope of future
impacts likely to be caused by the OT project.



Appendix 2 — Reports, documents and references

Oyu Tolgoi Reports

Oyu Tolgoi project water monitoring report 2010
Oyu Tolgoi: hydrogeological conditions near the minesite. RPS Aquaterra. 2013

Oyu Tolgoi Construction Phase Environmental, Social, Health & Safety Audit. April 2013 Audit Report.
Environmental Resources Management.

Oyu Tolgoi Mine Site Hydrogeological Assessment. Aquaterra. 2010.

Oyo Tolgoi Regional Development and Social Performance Pastureland and Livelihood Improvement
Strategy. 2013.

Oyo Tolgoi Copper Project Mongolia Review Of Water Resource Studies. February 2006.
Oyo Tolgoi Water Monitoring Report, comparison graphs. 2016.

Oyo Tolgoi Non-Technical Summary: Environmental and Social Impact Assessment. 2012.
Oyu Tolgoi Water Monitoring Plan. 2013. RPS Aquaterra.

Oyu Tolgoi. Environmental Protection Plan - 2006

Oyu Tolgoi. Open Pit Hydrogeology And Pit Slope Depressurization Update. 2014.

Oyu Tolgoi Undai River diversion project. Fortnightly Monitoring Report#9. 7 October 2013
Oyu Tolgoi Water Team, Environmental Department.

Oyu Tolgoi Project Socio- Economic Impact Assessment Final Report. 2009. Centre for Policy Research;
Population Training and Research Centre

Oyo Tolgoi Non-Technical Summary Environmental and Social Impact Assessment. No date.
Oyu Tolgoi Pastureland Livelihoods Improvement Strategy 2013.
Oyo Tolgoi Environmental Management Plan. 2014.

Environmental Impact Assessment Report For The Oyu Tolgoi Project, Mining And Processing. Eco-
Trade. 2006.

Oyu Tolgoi Social Performance Resettlement Action Plan. 2013.
Oyu Tolgoi Social Performance Resettlement Action Plan. October 2015.

Evaluation of the Environmental and Social Impact Assessment (ESIA) for the Oyu Tolgoi Copper and
Gold Project. Environmental Law Alliance Worldwide. 2012.

OT Animal Health Assessment (in Mongolian). 2015.



OlOY TONTOM XXK, BAUTA/Ib OPYHbI X3/1T3C. 2015 OH
Oyo Tolgoi Health, Safety and Environment Water Resources Management Plan. 2013.
Oyu Tolgoi Mine Site Hydrogeological Assessment. Aquaterra. 2010.

Oyu Tolgoi Regional Development and Social Performance, Pastureland Livelihood Improvement
Strategy. 2013.

Oyu Tolgoi ESIA Factsheet on Water. 2013

Documents

Report Of The Ground Water Use Within Galbyn Gobi And Gunii Khooloi Ground Water Resource
Areas: Environmental protection plan and Environmental monitoring plan. Eco-Trade, 2005.

Perception Study on Water Use in the Khanbogd Soum. 2007. Center for Policy Research.

UK Highways Agency Design Manual for Roads and Bridges. 2007. standardsforhighways.co.uk/ha/
standards/dmrb/vol11/section3/ha20707.pdf

Tripartite donation agreement. lvanhoe Mines, Research and Development Fund and Responsible
Mining Initiative for Sustainable Development. 2008.

The State inspection report of pasture quality and condition in Khanbogd soum of Umnugobi aimag.
Lanres Co. Ltd. for the Department of Land Affairs, Construction, Geodesy and Cartography.
Ulaanbaatar 2010

Sustainable Pasture Management Project in Khanbogd Soum. 2010. Mongolian Society for Rangeland
Management.

Assessment of Changes Occurred to Sufficiency and Quality of Pasturelands of Khanbogd Soum’s
Herders’ Households Involved in the Settlement Program and Suggestions. Center for Policy
Research. 2012.

Proposal for livestock support and pastureland management program in Khanbogd soum and
evaluation and recommendation on compensation program for herders households impacted by

the project. Center for Policy Research. 2012.

Environmental & Social Compliance Monitoring. Oyu Tolgoi Mine Project, Independent Environmental
& Social Consultant (IESC). D’Appolonia. October 2013.

Gunii Hooloi Groundwater Model Report. RPS Aquaterra 2013

Participatory rangeland monitoring summary report 2014. Nutag Partners.
Khanbogd Soum Animal Numbers. 2015

Independent Expert Panel Phase 1 Report, 2015.

Khanbogd Soum Climate Data. To 2015. Precipitation and temperature til 2016.

Wildlife conservation Service/Sustainability East Asia. Final Report. Core Biodiversity Monitoring.
February 2016.



Umnogovi Baseline Study — Aimag baseline study considers the interconnected aspects of the
economic, social, environmental and institutional elements of the region. No date or details.

The State Pasture Condition And Quality Review Passport. No date

References

Addison, J., 2012. Institutional settings, herder livelihoods and rangeland condition in the Gobi Desert.

Addison, J., Davies, J., Friedel, M. and Brown, C., 2013. Do pasture user groups lead to improved
rangeland condition in the Mongolian Gobi Desert?. Journal of arid environments, 94, pp.37-46.

Addison, J., Friedel, M., Brown, C., Davies, J. and Waldron, S., 2012. A critical review of degradation
assumptions applied to Mongolia's Gobi Desert. The Rangeland Journal, 34(2), pp.125-137.

Addison, J., Friedel, M., Brown, C., Davies, J. and Waldron, S., Degradation in Mongolia’s Gobi Desert:
not as straight forward as assumed.

Ahearn, Ariell 2016. The changing meaning of work, herding, and social relations in rural Mongolia.
PhD Thesis, University of Oxford.

Battogtokh B, Lee JM, Woo N. 2013. Contamination of water and soil by the Erdenet copper—
molybdenum mine in Mongolia. Environ Earth Sci.1-12.

Bruegger, R.A., Jigjsuren, O. and Fernandez-Giménez, M.E., 2014. Herder Observations of Rangeland
Change in Mongolia: Indicators, Causes, and Application to Community-Based Management.
Rangeland Ecology & Management, 67(2), pp.119-131.

Byambaa, T., Wagler, M. and Janes, C.R., 2014. Bringing health impact assessment to the Mongolian
resource sector: a story of successful diffusion. Impact Assessment and Project Appraisal, 32(3),
pp.241-245.

Byambajav, D., 2015. The River Movements' Struggle in Mongolia. Social Movement Studies, 14(1),
pp.92-97.

Cane, |., Schleger, A., Ali, S., Kemp, D., MciIntyre, N., Lechner, A., McKenna, P., Dalaibuyan, B., Bulovic,
N. and Lahiri-Dutt, K., 2015. Responsible mining in Mongolia: enhancing positive engagement.

Dai, G.S., Ulgiati, S., Zhang, Y.S., Yu, B.H., Kang, M.Y., Jin, Y., Dong, X.B. and Zhang, X.S., 2014. The false
promises of coal exploitation: How mining affects herdsmen well-being in the grassland ecosystems
of Inner Mongolia. Energy Policy, 67, pp.146-153.

High, M.M., 2007. Wealth and envy in the Mongolian gold mines. Cambridge Anthropology, pp.1-18.

High, M.M., 2013. Polluted money, polluted wealth: Emerging regimes of value in the Mongolian gold
rush. American Ethnologist, 40(4), pp.676-688.

Jackson, S.L., 2014. Building a Mineral Nation? The Oyu Tolgoi Copper-Gold Mine and Contested
Infrastructure Development in Mongolia.

Jackson, S.L., 2015. Dusty roads and disconnections: Perceptions of dust from unpaved mining roads in
Mongolia’s South Gobi province. Geoforum, 66, pp.94-105.

Jadambaa, A., Spickett, J., Badrakh, B. and Norman, R.E., 2015. The Impact of the Environment on
Health in Mongolia A Systematic Review. Asia-Pacific Journal of Public Health, 27(1), pp.45-75.

Jugder D, Shinoda M, Sugimoto N, et al. Spatial and temporal variations of dust concentrations in the
Gobi Desert of Mongolia. Global Planetary Change. 2011;78(1):14-22.

Jugder, D., Shinoda, M., Sugimoto, N., Matsui, I., Nishikawa, M., Park, S.U., Chun, Y.S. and Park, M.S.,
2011. Spatial and temporal variations of dust concentrations in the Gobi Desert of Mongolia. Global
and Planetary Change, 78(1), pp.14-22.

Lander, J., 2013. A critical reflection on Oyu Tolgoi and the risk of a resource trap in Mongolia:
troubling the "resource nationalism" frame. Law, Social Justice and Global Development Journal,
18(2).

Lkhasuren, O., Takahashi, K. and Dash-Onolt, L., 2007. Occupational lung diseases and the mining
industry in Mongolia. International journal of occupational and environmental health, 13(2),
pp.195-201.

Middleton, N., Rueff, H., Sternberg, T., Batbuyan, B. 2015. Explaining spatial variations in climate
hazard impacts in western Mongolia. Landscape Ecology 30: 91-107.



MODIS (from NASA) data available at: modis.gsfc.nasa.gov/data/dataprod/modi13.php;
e4ftl0l.cr.usgs.gov/MOLA/MYD 13A1.005/

Mu, H, Otani S, Shinoda M, Yokoyama Y, Onishi K, Hosoda T, Okamoto M, Kurozawa Y. 2013. Long-
Term Effects of Livestock Loss Caused by Dust Storm on Mongolian Inhabitants: A Survey 1 Year
after the Dust Storm. Yonago Acta Medica, 56: 39—-42.

Nagafuchi, O., Nakazawa, K., Okano, K., Osaka, K.I., Nishida, Y., Hishida, N., Tsogtbaatar, J. and Choijil,
J., 2014. Hydrochemical Characteristics of the Mongolian Plateau and its Pollution Levels. Inner
Asia, 16(2), pp.427-441.

Nakazawa, K., Nagafuchi, O., Okano, K., Osaka, K.l., Hamabata, E., Tsogtbaatar, J. and Choijil, J., 2016.
Non-carcinogenic risk assessment of groundwater in South Gobi, Mongolia. Journal of Water and
Health, p.wh2016035.

Nandintsetseg, B. and Shinoda, M., 2013. Assessment of drought frequency, duration, and severity and
its impact on pasture production in Mongolia. Natural hazards, 66(2), pp.995-1008.

NASA MOD-4 Aerosol Product. 2016. modis.gsfc.nasa.gov/data/dataprod/data products.php?
MOD_NUMBER=04

National Agency for Meteorology, Hydrology and Environmental Monitoring. Second National
Communications, UNFCCC. 2010.

Olkhanud, P.B., 2012. Survey of Arsenic in Drinking Water in the Southern Gobi region of Mongolia
(Doctoral dissertation, Johns Hopkins University).

Orgil, D., et al. 2011. Environmental Review of Umnugobi Province and Negative Influence of Mining
Industry to Livestock Health. National Veterinarian Hygiene Laboratory Center.

Sayer, A.M., Hsu, N.C., Bettenhausen, C. and Jeong, M.J., 2013. Validation and uncertainty estimates
for MODIS Collection 6 “Deep Blue” aerosol data. Journal of Geophysical Research: Atmospheres,
118(14), pp.7864-7872.

Shinoda, M., Gillies, J.A., Mikami, M. and Shao, Y., 2011. Temperate grasslands as a dust source:
Knowledge, uncertainties, and challenges. Aeolian research, 3(3), pp.271-293.

Shinoda, M., Ito, S., Nachinshonhor, G.U. and Erdenetsetseg, D., 2007. Phenology of Mongolian
grasslands and moisture conditions. A 54558, &5 2 #, 85(3), pp.359-367.

Shinoda, M., Kimura, R., Mikami, M., Tsubo, M., Nishihara, E., Ishizuka, M., Yamada, Y., Munkhtsetseg,
E., Jugder, D. and Kurosaki, Y., 2010. Characteristics of dust emission in the Mongolian steppe
during the 2008 DUVEX intensive observational period. Sola, 6, pp.9-12.

Sternberg, T. 2010. Unravelling Mongolia’s extreme winter disaster of 2010. Nomadic Peoples. 14: 72-
86.

Sternberg, T. 2012. Pastoral mosaic: livelihood, mobility, differentiation, and environmental
engagement on the Inner Asian steppe. In: Change in Democratic Mongolia. Brill, Boston.

Sternberg, T. 2012c. Hazard impact on desert environments. In: Changing Deserts: Integrating People
and their Environment. Sternberg, T, Mol, L. (eds). Whitehorse Press, Cambridge.

Sternberg, T. 2012b. Piospheres and Pastoralists: vegetation and degradation in steppe grasslands.
Human Ecology. 40: 811-820.

Sternberg, T. 2013. Tradition and transition in the Mongolia pastoral environment. In: Modern
Pastoralism and Conservation: Old Problems, New Challenges. Sternberg, T., Chatty, D. White Horse
Press, Cambridge.

Sternberg, T. 2014. Desert Boundaries: the once and future Gobi. Geographical Journal.

Sternberg, T. 2016. Drought and extreme climate stress on human-environment systems in the Gobi
Desert, Mongolia. in Vulnerability of Land Systems in Asia. John Wiley & Sons, Chichester.

Sternberg, T. 2014. Transboundary hazard risk: the Gobi Desert paradigm. Natural Hazards. 1-16.

Sternberg, T., Middleton, N., Thomas, D. 2009. Pressurized pastoralism in South Gobi Province,
Mongolia: What is the role of drought? Transactions of British Geographers - IBG. 34: 364-377.

Sternberg, T., Paillou, P. 2015. Mapping potential shallow groundwater in the Gobi Desert using
remote sensing: Lake Ulaan Nuur. Journal of Arid Environments 118: 21-27.

Sternberg, T., Rueff, H., Middleton, N. 2015. Contraction of the Gobi 2000-2012. Remote Sensing, 7,
1346-135.



Sternberg, T., Thomas, D., Middleton, N. 2011. Drought dynamics on the Mongolian Steppe 1970-2006.
International Journal of Climatology. 31:1823-1830.

Sternberg, T., Tsolmon, R., Middleton, N., Thomas, D. 2010. Tracking desertification on the Mongolian
Steppe through NDVI and field-survey data. International Journal of Digital Earth. 3:1-15.

Suzuki, Y., 2013. Conflict between mining development and nomadism in Mongolia. In The Mongolian
ecosystem network (pp. 269-294). Springer Japan.

Tsolmon, R., Ochirkhuyag, L., Sternberg, T. 2008. Monitoring the source of trans-national dust storms
in northeast Asia. International Journal of Digital Earth. 1: 119-129.

UNFCCC.int/essential_background/library/items/3599.php?such=j&symbol+MNG/com/2%20E#beg

Upton, C., 2012. Mining, resistance and pastoral livelihoods in contemporary Mongolia.

World Bank. 2010. Mongolia - Southern Gobi regional environmental assessment. Washington, DC:
WorldBank.www.documents.worldbank.org/curated/en/832201468276850524/MongoliaSouthern
-Gobi-regional-environmental-assessment



Appendix 3 - Climate

1. Average annual precipitation,1976-2015
Trendline (black) shows slight increase (r’=0.03).
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2. Average annual temperature,1976-2015.
Trendline (black) shows increase (r’=0.22).
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3. Precipitation, May, 1976-2016.

Trendline (black) shows slight increase (r’=0.05).
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4. Precipitation, May, 1976-2016.
Trendline (black) shows increase (r’=0.22).
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5. 12 month drought record through August for Khanbogd Soum, 1976 to 2015.
Trendline (black) shows little change (r°=0.00).
Below dotted red line (-1) indicates drought.
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6. 12 month drought record through June for Khanbogd Soum, 1976 to 2014.
Trendline (black) shows increase (r’=0.22).
Below dotted red line (-1) indicates drought.
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7. Khanbogd and Manlai Soums. Gridded climate data by squares, 1960-2013.

1. Southwest Khanbogd 4. Javalant Bag 7. Nomgon Bag
2. Gavaluut Bag, OT north gate 5. Khanbogd 8. Bayan Bag
3. Manlai west 6. Manlai 9. Manlai east

Each gridded area is shown below.
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Source: NASA Giovanni web interface (http://giovanni.gsfc.nasa.gov/giovanni
Deep Blue Collection 6 Aerosol Optical Depth (AOD) data. Sayer et al., 2013.
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9. Manlai East
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Appendix 4. Livestock in Khanbogd Soum.

1. Livestock numbers in Khanbogd Soum 2003-2015, from soum livestock
records.
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2. Livestock numbers, Sheep Equivalency Units, 2003-2015.
(camel = 7 sheep, horse, cattle = 6 sheep, goat = 0.9 sheep. See Sternberg

2012a)
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3. Livestock by bagh
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Appendix 5 - PASTURE

Vegetation Transects
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GPS location of vegetation transects.
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Site GPS
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42.8802 106.97153
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43.14161 107.55861
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Vegetation cover % at 12 transects Khanbogd Soum.

Site Vegetation Cover % - metres from well
25 50 100 [200 | 500 |1000 |

1 3.7 8.1 8.6 10.5 8.1 9.4
2 9.2 1.1 2.0 1.9 14.2 16.5
3 3.7 1.5 1.7 3.2 6.6 8.4
4 1.7 2.7 6.1 6.2 15.7 10.7
5 2.7 1.2 1.1 1.3 52 0.3
6 33 4.2 9.7 5.1 11.5 4.2
7 10.4 5.9 5.9 2.0 5.6 4.0
8 4.7 2.8 6.3 8.9 43 2.0
9 15.4 8.5 8.7 20.2 14.0 14.8
10 7.4 16.9 14.2 4.9 4.8 53
11 6.3 18.1 2.4 5.7 53 2.2
12 5.9 3.8 3.7 54 5.0 8.4

Average per site 6.2 6.2 5.9 6.3 8.4 7.2
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Vegetation cover at 12 sites in Khanbogd soum. Measurements were made from water points
at 25, 50, 100, 200, 500 and 1000 metres north of the well.



Plant composition at Khanbogd Soum transects.

Site Latin name Mongolian Name Palatability Life form Growth
Khanbogd 1  Peganum nigellastrum palatable  camel, goat, horse, sheep perennial forb
Khanbogd 1  Oxytropis myriophylla palatable  camel, goat, horse, sheep perennial shrub
Khanbogd 1  Cleistogenes squarrosa palatable  camel, goat, horse, sheep

Khanbogd 1  Achnatherum splendens palatable  camel, goat, horse, sheep

Khanbogd1  Sympegma bunge

Khanbogd 1  Nitraria

Khanbogd 2  Ptilotrichum canescens palatable  goat, horse perennial forb
Khanbogd 2 Peganum nigellastrum palatable  camel, goat, horse, sheep perennial forb
Khanbogd 2 Zygophyllum xanthoxylon palatable  camel, goat, sheep shrub
Khanbogd 2 Amygdalus pedunculata palatable  camel, deer, goat, sheep shrub
Khanbogd 2 Lespedeza dahurica palatable cattle, goat, horse, sheep perennial forb
Khanbogd 3  Cleistogenes squarrosa palatable  camel, goat, horse, sheep

Khanbogd 3  Oxytropis myriophylla palatable  camel, goat, horse, sheep perennial shrub
Khanbogd 3  Dracocephalum foetidum

Khanbogd 3  Artemisia santolinifolia palatable camel, cattle, goat, horse, sheep perennial shrub
Khanbogd 4 Iris bungei palatable  camel, cattle, goat, horse, sheep perennial forb
Khanbogd 4  Oxytropis aciphylla palatable  camel, goat, horse, sheep perennial shrub
Khanbogd 4 Peganum nigellastrum palatable  camel, goat, horse, sheep perennial forb
Khanbogd 4  Echinops gmelinii palatable  camel, horse perennial forb
Khanbogd 4  Artemisa anethifolia palatable  camel, goat, sheep annual/biennial forb
Khanbogd 4 Nitraria sibirica palatable  camel, goat, sheep shrub
Khanbogd 4 Convolvulus ammanii palatable  goat, sheep perennial forb
Khanbogd 5 lIris oxypetala palatable perennial

Khanbogd 5 Artemisia santolinifolia palatable  camel, cattle, goat, horse, sheep perennial shrub
Khanbogd 5 Peganum nigellastrum palatable  camel, goat, horse, sheep perennial forb
Khanbogd 5 Pedicularis abrotaniflolia palatable  camel, goat, horse, sheep

Khanbogd 5 Achnatherum splendens palatable  camel, goat, horse, sheep

Khanbogd 5 Sympegma bunge

Khanbogd 5  Ulmus

Khanbogd 5 Nitraria

Khanbogd 6 Iris bungei palatable  camel, cattle, goat, horse, sheep perennial forb
Khanbogd 6 Arnebia guttata palatable  camel, goat, sheep perennial forb
Khanbogd 6  Ptilagrostis pelliotii perennial

Khanbogd 6 Stipa gobica palatable  camel, cattle, goat, horse, sheep grass
Khanbogd 6 Raemuria soongorica palatable  camel, goat, sheep perennial shrub
Khanbogd 6 Tournefortia sibirica palatable  camel perennial forb
Khanbogd 6 Artemisia santolinifolia palatable  camel, cattle, goat, horse, sheep perennial shrub
Khanbogd 6 Iris oxypetala palatable perennial

Khanbogd 6 Amygdalus pedunculata palatable  camel, deer, goat, sheep shrub
Khanbogd 6 Kalidium foliatum palatable  camel shrub
Khanbogd 6 Olgeae leucophylla perennial forb
Khanbogd 6  Zygophyllum rosovii palatable cattle, goat, horse, sheep perennial shrub
Khanbogd 6  Scorphulariaincisa shrub
Khanbogd 6 Artemisia scoparia palatable  camel, cattle, goat, horse, sheep biennial forb
Khanbogd 6 Zygophyllum xanthoxylon palatable  camel, goat, sheep shrub
Khanbogd 7 Raemuria soongorica palatable  camel, goat, sheep perennial shrub
Khanbogd 7 Peganum nigellastrum palatable  camel, goat, horse, sheep perennial forb
Khanbogd 7 lom palatable  camel, goat, horse, sheep shrub
Khanbogd 7  Artemisia scoparia palatable  camel, cattle, goat, horse, sheep biennial forb
Khanbogd 7  Nitraria sibirica palatable  camel, goat, sheep shrub
Khanbogd 7  Oxytropis aciphylla palatable  camel, goat, horse, sheep perennial shrub
Khanbogd 8 Elymus paboanus palatable  camel, cattle, goat, horse grass
Khanbogd 8 Amygdalus pedunculata palatable  camel, deer, goat, sheep shrub
Khanbogd 8 Stipa gobica palatable  camel, cattle, goat, horse, sheep grass
Khanbogd 8 Convolvulus ammanii palatable  goat, sheep perennial forb
Khanbogd 8 Salsola passerina palatable  camel, goat, horse, sheep shrub
Khanbogd 8 Raemuria soongorica palatable  camel, goat, sheep perennial shrub
Khanbogd 8 Olgeae leucophylla forb
Khanbogd 8 Zygophyllum xanthoxylon palatable  camel, goat, sheep shrub




Site Latin name Mongolian Name Palatability Life form Growth
Khanbogd 9  Elymus chinensis palatable  camel, cattle, goat, horse, sheep perennial grass
Khanbogd9 Amygdalus pedunculata palatable  camel, deer, goat, sheep shrub
Khanbogd 9 Peganum nigellastrum palatable  camel, goat, horse, sheep perennial forb
Khanbogd 9 Caragana leuncophloea palatable  camel, goat, sheep shrub
Khanbogd 9  Eurotia ceratoides palatable shrub
Khanbogd 9  Convolvulus ammanii palatable  goat, sheep perennial forb
Khanbogd 9 Arnebia guttata palatable  camel, goat, sheep perennial forb
Khanbogd 9 Nitraria sibirica palatable  camel, goat, sheep shrub
Khanbogd 9 Salsola passerina palatable  camel, goat, horse, sheep shrub
Khanbogd 9  Oxytropis aciphylla palatable  camel, goat, horse, sheep perennial shrub
Khanbogd 10 Suaeda corniculata palatable  camel, goat, horse, sheep annual forb
Khanbogd 10 Elymus paboanus palatable  camel, cattle, goat, horse grass
Khanbogd 10 Raemuria soongorica palatable  camel, goat, sheep perennial shrub
Khanbogd 10 Peganum nigellastrum palatable  camel, goat, horse, sheep perennial forb
Khanbogd 10 Ptilotrichum canescens palatable  goat, horse perennial forb
Khanbogd 10 Nitraria sibirica palatable  camel, goat, sheep shrub
Khanbogd 10 Convolvulus fruticosus shrub
Khanbogd 11 Scorzonera pseudodivaricata palatable  goat, sheep shrub
Khanbogd 11 Zygophyllum xanthoxylon palatable  camel, goat, sheep shrub
Khanbogd 11 lIris bungei palatable  camel, cattle, goat, horse, sheep perennial forb
Khanbogd 11 Stipa gobica palatable  camel, cattle, goat, horse, sheep grass
Khanbogd 11 Panzerialanata palatable  goat, horse, sheep forb
Khanbogd 11 Peganum nigellastrum palatable  camel, goat, horse, sheep perennial forb
Khanbogd 11 Raemuria soongorica palatable  camel, goat, sheep perennial shrub
Khanbogd 11 Nitraria sibirica palatable  camel, goat, sheep shrub
Khanbogd 11 Atriplex sibirica annual forb
Khanbogd 11 Bassia dasyphylla palatable  camel annual shrub
Khanbogd 12 Stipa gobica palatable  camel, cattle, goat, horse, sheep grass
Khanbogd 12 Eurotia ceratoides palatable shrub
Khanbogd 12 Peganum nigellastrum palatable  camel, goat, horse, sheep perennial forb
Khanbogd 12 Anabasis brevifolia palatable  camel perennial forb
Vegetation composition at Manlai Soum transects.

Site Latin name Mongolian Name Palatability Life form Growth
Manlai 1 Leymus chinensis palatable  camel, cattle, goat, horse, sheep perennial grass
Manlai 1 Convolvulus ammanii palatable  goat, sheep perennial forb
Manlai 1 Ptilotrichum canescens palatable  goat, horse perennial forb
Manlai 1 Peganum nigellastrum palatable  camel, goat, horse, sheep perennial forb
Manlai 1 Nitraria sibirica palatable  camel, goat, sheep shrub
Manlai 1 Eurotia ceratoides palatable shrub
Manlai 2 Lappula stricta annual forb
Manlai 2 Peganum nigellastrum palatable  camel, goat, horse, sheep perennial forb
Manlai 2 Reaumuria soongorica palatable  camel, goat, sheep perennial shrub




Appendix 6 - Remote Sensing

Remote sensing using MODIS data presents a history of pasture vegetation from 2003-2015 in
Khanbogd Soum. Using satellite information highlights land cover change through the
Normalised Differential Vegetation Index (NDVI). Colours represent different cover classes
(not actual landscape). In figures below yellow represents 6-12% vegetation cover, green
