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Executive Summary

The technology needs assessment for climate credteyatation includes selection of the priority secto
and technologies for adaptation of greenhouseTdas sector selection and technology prioritizatias
carried out through review of the status and trehdimate change vulnerability and impact in diéfet
sectors, existing adaptation technologies and ktd#lers consultation together with the use of multi
criteria and scoring for prioritization. The reviesf the climate change vulnerability and impactuga
and trends including existing adaptation techn@sgnainly focussed on assessment and summary of the
climate change vulnerability and impact and techgials described in the First and Second National
Communication on Climate Change-FNC and SNC (STRBQ0 and MoNRE, 2012), National
Adaptation Programme of Action (WREA, 2009), Stggten the Climate Change of the Lao PDR-SCC
(WREA, 2010), National Socioeconomic DevelopmerdnPbf the Lao PDR 2011-2015 (MPI, 2011)
development plansof different sector including information on thdagtation technologies elsewhere
such as IPCC Assessment Report (IPCC, 2007), haktlbod websité The stakeholder consultation
particularly sector selection and technology ptipation workshops were held in February and May
2012 which were participated by public sector, aesle institutions, academic and international
organizations. In total not less than 24 departmenbrganizations and 35 participants participatéu
multi-criteria which wereapplied in the sector aadhnology prioritization are broadly divided irftaur
main categories namely adaptation potential, ecaryosocial and environment benefits. These criteria
are mainly originated from the criteria recommenigted@echnology Needs Assessment (TNA) handbook
(UNDP and UNFCCC, 2010) but they were edited aabl@iated particularly in theselector selection and
technology prioritization workshops. In the pri@dtion of the sector and technology, those caterere

weighted and scored based on the multi-criteribrtepies (Communities and Local Government, 2009).

Through the stakeholder process involving scoringh@ criteria based on expert judgments; two sgcto
and eight technologies are chosen as priority seettd technologies needs for climate change atitapta
respectively. The sectors are water and agricukeotor and eight technologies, four technologahe

for water and agriculture sector were summarizeflbsvs:

Adaptation technologies for water sector:

! For example: Water Resource Strategy to the y8ae af the Lao PDR (WREA, 2010) and Agriculture Biepment to the
year 2020 for agriculture sector (MAF, 2011) etc.
2 For handbook on the Technologies for Climate Ckahgaptation: the Water Sector (UNEP, 2011)

3For example: http://climatetechwiki.org/



Four adaptation technologies for water sector abnef Early Warning System, Disaster Impact

Reduction Fund, Climate Change Oriented Irrigatind Water Supply System.

Early Warning System:

is pre-requisite for flood prevention. It involvedth setting up system weather forecast, modelihg o
discharge, water gauges, information disseminatiools provide the information to society or
community including enhancement of readiness opamexriness and recovery plan for minimizing
impacts that would be caused by extreme eventdiduflood. This technology is practiced in Laos
years ago by different stakeholders but it is natesnatically functioning due to shortage of finahc
support, knowledge and skills on the system inclgaiquipments and tools. However it is prioritythod
country as defined on the socioeconomic developmiamt 2011-2015 (MPI, 2011), Strategy on Climate
Change of the Lao PDR (WREA, 2010), National Disasanagement Master Plan and so son. With
system in place, it is expected that the impactéchvimay result from disasters particularly flood

including flash flood could be minimized; leadingpention property and life of the people from kxss

Disaster Impact Reduction Fund:

To complement the early warning system, disasterag@ment fund or impact reduction fund should be
established. Previously fund for recovery afteasdisrs were insufficient as mobilization of fundsvem

the ad hoc basis and lack of fund mobilization na@ism; leading the flood impacts are prolonged@nd
chronic. So a specific and ready fund is neededhfrease effectiveness of the prevention and hamdl
with such disaster in timely manner. The disasterdfmanagement should include fund raising and
management mechanism, responsible organizationshetvebrks in all level, from central to village.
With such fund and mechanism in place, it is exgeédhat impacts that would result from disasters
particularly flood including flash flood could barbgely minimized while adaptive capacity can be

enhanced.

River Basin or Watershed Management:
The river basin or watershed is of significance &mvironment and socioeconomic development
including climate change adaptation. To sustaintewaesource and ensure environment and
socioeconomic development, practical tools shoddrbplace. Recently, Integrated Water Resources
Management (IWRM) which embedded participatory méghes and multi-disciplinary approach is
developed and perceived as a key tool for realieh sustainability including climate change adaptat
Similarly, strategy on water resources managemeimtaos also defined to apply IWRM for all river
basin and watershed management. Till now, theresame initiatives on the application of IWRM
10



particularly for Nam Ngum and Nam Theun-Kading rilmsin. In addition, by 2015, at least 5 river
basins such as Sebangfai, Sebanghieng, Sekongn&sadd Nam Ouwill be completed its IWRM and
management committee. So prioritization of thihextogy means support for implementation of water
resources policy including food and nutrition ségurpervert reduction, environmental, renewable

energy development, climate change mitigation ataptation.

Water Supply System:

The water supply system means set of water reseawal supply system such as Nampapa and gravity
water supplies including water use group and managé mechanism. Currently, only 77 percent of
people have access to clean water and 54 havesaoceanitary toilets (MPI 2011), so to realizeyéds
defined in the MDG, Laos needs more investmentimdrea and design the system in the climate &hang
context. So prioritization of this water supply ®m in TNA is expected to enhance investment,
management mechanism and water supply system hasnietrease access to clean water of Lao people

including health and sanitation improvement.

Adaptation technologies for agriculture sector:
Throughout the prioritization process particulathe scoring against criteriaand consultation of the
stakeholders; four technologies which received dgtscores are selected as priority technologyseed
for climate change adaptation in the agricultutare Those technologies are:

1) Livestock disease prevention and control;

2) Agricultural Development Subsidy Mechanism;

3) Climate Resilient Rural Infrastructure and

4) Crop Diversification.

Livestock disease prevention and control:
Livestock is one of foundation of socioeconomic &wnelihood of farmers. Recently disease outbreak h
become a challenge for Lao farmers and also govemhrivery year impacts caused by diseases lead to
loses of productivity, income, uncertain food séguand negative impacts on human health. The amng
of climate are anticipated to exacerbate the sttnatue to increasing temperatures which can supiper
expansion of vector populations and thereby riskdigkases into cooler areas. Therefore, livestock
disease prevention and control which covers managemf livestock import and transportation,
monitoring and control of diseases outbreaks, dpief) and improving antibiotics, vaccines and
diagnostic tools, evaluation of ethnotherapeutidiomyg, and vector control techniques including
improvement of livestock health are of important émhancement of adaptive capacity to changing
11



climate and ensuring productivity including minimiion of economic losses, environmental and human

health impacts.

Agricultural development subsidy mechanism:

It is the fact that the key obstacle of the develept in Laos associates with adequate and effective
subsidy and financial support. As of now, the agtice subsidy and insurance is not well-estabtistie
sustainable. The production under changes of tdimad its related disaster can add more risks for
farmers and stakeholders. So, agricultural devetoprsubsidy mechanism including insurance against
crop loss and market fails is pre-requisite foli@adture development of Laos. The subsidy mecharism
this context include agricultural subsidy, develeminfund and or easy credits, insurance for praduoict
failure not only because of climate change, floesddmught but also due to failure of market and
production technology that particularly beyond farfa capacity to handle. Without this mechanism in
place, Laos may not be able to realize its polieied targets on agriculture production, developnoént

agricultural based industry process, improvemenueaile livelihood and poverty reduction timely.

Climate resilient rural infrastructure:

The agriculture development is beyond dependencdedile land, water, weather and cultivation
technologies. The infrastructure such as irrigatietworks, road, warehouse, transportation, andetgmr
system is also critical factor for the developmeaiticularly quality, durable and tolerance to aiag
climate and disaster. This infrastructure is insight and or poor conditions particularly in theal area.
Although the rural infrastructure is the prioritf the government due to limited financial resourtbe
development is slowly going. So if investment ig taken place sufficiently and effectively, agricme
development and adapting to climate change can bekaor ineffective; lead to loss of productios a

well as economics and quality of life of farmers.

Crop Diversification:

The crop diversification is fundamental for agrtooké development and conservation of biodiversity.
Despite it is in the initial stage of developmentlamumbers of efforts are needed to research, ojeasid
deploy such technology in order to effectively cimttion to sustainable productivity including che
change resilience and conservation of biodiversity.

12



Chapter 1. Introduction

1. 1 About the TNA project

The current Global Technology Needs Assessmentd\]TMoject is implemented under the Poznan
Strategic Program on Technology Transfer and ipatimg 36 countries, and one of them is Lao PDR.
The project is funded by the Global Environmentiligd GEF) and implemented by the United Nations
Environment Programme and UNEP Risoe Centre (UR@)tachnical support is provided by the Asian
Institute of Technology (AIT). The objective of tipeoject is to help to carry out improved Technglog
Needs Assessments within the framework of the UNECThe project is being implemented in two
rounds, with 15 countries engaged in the first tband the remaining 21 countries in the seconddoun
Lao PDR as a second round country started the girajeJune 2011 and scheduled to complete in
February 2013. The Ministry of Natural Resourced e Environment (MoNRE) is responsible for the
execution of the project in the country. Howevdrere are number of ministries and organizations
involved and Chapter 2 will dwell on the in-couninestitutional structure created to implement the

project.

The purpose of the TNA project is to assist pgstiot developing country Partigg identify and analyze
priority technology needs, which can form the béasisa portfolio of environmentally sound technofog
(EST) projects and programmes to facilitate thadfer of, and access to, the ESTs and know-howan t
implementation of Article 4.5 of the UNFCCC Convent Hence TNAs are central to the work of
Parties to the Convention on technology transfermesent an opportunity to track an evolving nieed
new equipment, techniques, practical knowledge skills, which are necessary to mitigate GHG
emissions and/or reduce the vulnerability of sectond livelihoods to the adverse impacts of climate

change. The main objectives of the project are:

- To identify and prioritize through country-driverarticipatory processes, technologies
that can contribute to adaptation and adaptati@isgof the participant countries, while
meeting their national sustainable developmentsgaad priorities (TNA);

- To identify barriers hindering the acquisition, tgmnent, and diffusion of prioritized

technologies;

13



- To develop Technology Action Plans (TAP) specifyiragtivities and enabling
frameworks to overcome the barriers and facilithgetransfer, adoption, and diffusion of

selected technologies in the participant countries.

1.2 Existing national policies about climate changadaptation and development priorities

Key existing national policies on climate changegédtion include the overall strategies and plathen
adaptation; specific strategies and plans on cérchinge adaptation of vulnerable sectors suchate w
resources, agriculture, health and disaster; ahdrotelevant strategies and plans that also aim at
addressing climate change impacts and or enharqxtaithn capacity.

The overall strategies and plan on the adaptatiolude the National Adaptation Programme of Action
(WREA, 2009) and the Strategy on Climate Changbdei_ao PDR (WREA, 2010).

The NAPA, as a consequence of the COP 7 under UNIFI@QR001 and recognition of Lao government
on the challenge of adapting to climate change, dea®loped and completed in 2009 by the leading of
Water Resources and Environment Administration @oays Ministry of Natural Resources and
Environment) and support from relevant ministriesl @rganizations. The NAPA identified 45 priority
projects on climate change adaptation; covering ffioain sectors namely agriculture, forestry, waied
water resources, and public health. Of which 13egte are under the agriculture sector; 14 projarts
under forestry sector, 10 projects are under wsgetor and 8 projects in the public health sec@ut of

45 priority projects; 12project proposals were gatized as first priority and the rest 33 projeats in

the priority two. The priority projects are as lretannex 2.

The Strategy on Climate Change of the Lao PDR (Si8Ghe key policy which specifically aims to
provide guidance for climate change adaptation mittjation of the country in a way that promotes
sustainable development. It was developed with |#aeling of Ministry of Natural Resources and
Environment (MONRE) and endorsed by Prime Ministeéddfice in 2010. This strategy defined
directions and specific measures for seven seotocdimate change adaptation and six sectors aratdi
change mitigation. Those adaptation sectors aradtigulture and food security, (2) forestry anddaise
change, (3) water resources, (4) energy and traingpd industry, (6) urban development and (7)ljmub
health while mitigation excluded health sector. kKbg measures include:

14



e Mainstreaming climate change into the 7th Natiosalcio-Economic Development Plan
(NSEDP) 2011-2015 (Lao PDR, 2010) as well as satstrategies, programmes and projects;

e Strengthen international partnerships and networkchpacity building and development and
transfer of technology to support the adaptatiahlaw-carbon growth;

e Enhance capacity as a priority for government aigant¢echnical institutions, the private sector
and local communities to be able to carry out appately climate change mitigation and
adaptation;

o Enhance synergy and complement in development amgementation of mitigation and
adaptation in order to maximize benefits;

e Build the innovative financial mechanism that leabure financial support and investment for
implementation of mitigation and adaptation acfiens;

e Increase awareness, education and community geatich in order to mobilize and realize

effective climate change mitigation and adaptation.

Recently there are some specific climate changptatian strategies of vulnerable sector such asaté
change adaptation strategy of health sector anakteis master plan. However, to great extend, the
agriculture, water resources and forestry sectdrategies included directions and measures oratdim

change adaptation.

Climate change adaptation in health sector forredlah 2009 recognizes the risk and challenges to
overcome health risks associates with changingatémTherefore, it identified 6 main objectives and
strategies to address such risks and challengeseTdbjectives and strategies are:

1. Conduct research on human health in light of climat change:this includes identification of a
scope of research/study, data and Information dpwetént and management;

2. Control of water, food, vector, rodent borne diseass and health care waste managemerity
provision of safe drinking water and improve sdivta strengthen food sanitation, control
malaria, dengue and rodent, promotion of hygieractpres and strengthen health care waste
management;

3. Strengthen health education and communication, anémpower people to take actions to
reduce individual and community vulnerability to climate changes:this links with the
objective and strategies 1 but more emphasis ocatidn and awareness raising;

4. Establish, improve, and maintain mechanisms for sweillance and monitoring of climate-
related illness, vulnerabilities, protective factos, and adaptive capacities:includes

identification of vulnerable people and health rigstablishment of plan/warning system,
15



monitoring system including surveillance of vectmopulations, monitoring & reporting of
diseases incidences including skin and eye inceenitnprove post-disaster surveillance and
health promotion;

5. Improve the medical intervention: especially adjust work schedules to avoid heasstre
exposure, establish emergency response plans dugastgwvaves (e.g. by increasing staff & beds
in hospitals), improve and maintain public healtbgaredness and emergency response including
tools for local public health facilities to providepid health needs, preparation of vaccines and
drugs, offering immunization programs and provisiof healthcare professionals with
information and tools to assist people at risk;

6. Work in partnership with other agencies for infrastructure development: especially maintain
standards of health service systems, laboratogndisis facilities, increase shaded areas in cities
and public places, provide accessible public drigkfountains in outdoor public places and

accessible air conditioned public facilities andlsrs.

The National Strategic Plan for Disaster Risk Mamagnt to 2020, formulated in 2003, defined four
strategies and six specific objectives for disast@nagement. Those strategies are (1) safeguarding
sustainable development and reducing the impacts damages caused by natural and manmade
disasters; (2) shifting the focus from relief tatigation of disaster impacts on communities, sgcatd

the economy to preparedness and post recovery emtbhasis on hazards such as floods, drought,
landslides and fires; (3) ensuring that disastemagament is a joint responsibility of both the
Government and the people, through building of comity capacities; and (4) promoting sustainable
protection of the environment and the country’'surglt wealth, including forests, land and water

resources.

The specific objectives and actions are descrilsdabiow:

(1) Ensuring that disaster risk reduction is a natbnal and local priority. by(a) Formulate policies and
legislation in support of disaster risk reductif); Create and strengthen a national disastereidlction
coordination mechanism or platform; (c) Integraisaster risk reduction into national development
policies and planning such as NSEDP; and (d) Atleagpropriate resources for DRR at the national,
provincial and community levels.

(2) Strengthening sub-national and community-based disaster risk management. by
(a)Decentralizing responsibilities and resourcesDBR; (b) Promoting implementation of community-
based DRR programmes; and (c) Developing a Nati@ishster Management Plan that supports
activities at provincial, district and village ldse

16



(3) Identifying, assessing and monitoring hazard gks and enhance early warningby (a) Conducting
periodic national and local risk assessments surenthat timely response mechanisms are developed;
(b) Establishing and maintaining a disaster mana&geéninformation system; (c¢) Developing and
maintaining a multi-hazard early warning system) (@bllaborating with international and regional
disaster risk reduction stakeholders; and (e) Hstabg and operationalizing Emergency Operations
Centres at national and sub-national levels.

(4) Using innovative knowledge and education to bld a culture of safety and resilienceby (a)
Establishing mechanisms for information exchangel aetworking; (b) Promoting disaster risk
management education and training; (c) Promotingdge and cultural sensitivity training as integral
components of disaster risk management; (d) UnkiageDRR technical and scientific research; and (e)
promoting public awareness of hazards, risks arigiation strategies.

(5) Mainstreaming DRR strategies into policies andprogrammes of relevant Government
Ministries. by (a) Promoting food security to enhance commurgsilience; (b) Integrating DRR and
response preparedness planning into all sectorseleant Government Ministries; (c) Promoting
appropriate structural and non-structural mitigatimeasures into national building codes; and (d)
Developing innovative financial instruments for eekking disaster risks.

(6) Strengthen disaster preparedness for effectivesponse at all levelsby (a) Strengthening national
and sub-national capacities for preparedness asgomse; (b) Developing coordinated regional
operational mechanisms for emergencies exceediipnah coping capacities; (c) Preparing and
periodically updating disaster preparedness andingency planning; and (d) Establishing emergency

funds at national and local levels.

Furthermore, there are other relevant strategidspéans that also covers the climate change adaptio
such as Environment Strategy to 2020 and Actiom P1@11-2015(STEA, 2004) and The Forestry
Strategy to the year 2020 of the Lao PDR (MAF, 2005

The National Environment Strategy until 2020 andidx Plan 2006-2010 (NES-AP) was formulated in
2004.This strategy focused on overall environmemsnagement and sustainability which is a
fundamental for climate change adaptation. The kegas of focused included (1) sustainable
management and utilization of natural resourcespf@motion and enforcement of environmental and
social impact assessments; (3) institutional anphoity building; (4) private sector involvement in

environmental protection, restoration, and sustd@ause of natural resources; (5) promotion of
investment in and establishment of financial me@dma for environmental protection and management;
(6) strengthening of regional and internationalpmration.

17



The Forestry Strategy to the year 2020 of the LAR®MAF,2005), endorsed in 2005, aims at promoting
sustainable forest resource management and ush ighatso a means for climate change adaptatios. Th
defined vision in the strategy envisaged to comgpeistensive and scientifically well-managed forestd
forest resources, managed with the wider participadf society and international cooperation. Such
resources would provide socioeconomic benefitotall communities; enhance environmental quality;
and promote biodiversity, ecosystem and water megsuconservation, as well as sustainable growth of
the agriculture, industrial, ecotourism and hydmeposectors. In line with this, nine key programroés

action were proposed:

1) Land and forest use;

2) Production forest;

3) Non-timber forest products;

4) Tree plantation development;

5) Harvest/logging plans and royalties;

6) Wood processing industry;

7) Biodiversity conservation;

8) Protection forest and watershed management;

9) Village land and forest management.

Implementing these programmes effectively is exgardb stabilize forest cover at about 70 percent of
total land by 2020; to ensure a sustainable floioodst products for domestic consumption and expor
to preserve important biodiversity and unique fabijtto conserve the environment, including sail,
watersheds and climate; and ultimately, to contabto improved livelihoods, revenue and foreign

exchange earnings, thereby increasing direct aticeitt employment.
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Chapter2. Institutional arrangement for the TNA and the

stakeholders’ involvement

The organizations involved with the implementatadnthe TNA project can be divided into five main
groups;1) steering committee, 2) project managenearh, 3) technical working group, 4) partners and
technical advisor and 5) other stakeholders. Thapg’ arrangement structure is as shown in theréigu
the roles and responsibilities of each group amscrileed in the section 2.1anddetail of engagement

process is in the section 2.2 respectively.
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Figure 1 Organization arrangement structure for TNA project implementation.

AIT Asian Ingtitute of Technology

DDMCC Department of Disaster Management and Climate Change
Mass Org Mass Organizations

MoNRE Ministry of Natural Resource and Environment

NGO Non-Gover nment Organization

TNA Technology Needs Assessments

UNDP United Nations Devel opment Programme

UNEP United Nations Environment Programme

URC UNEP Risoe Centre
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2.1 National TNA team

As mentioned earlier the TNA project team inclugedject steering committee, project management

team, technical working group, partner and advisangl other stakeholders.

The steering committee is a group of senior andsibst making staffs members who were officially
nominated for overseeing the project. The committehaired by Vice Minister of MONRE and most of
committee members are from public organizationtqaarly MONRE, relevant ministries which mainly
were former committee for development of the sgwat®n climate change and second national
communication on climate change (SNC). The maies@nd responsibilities of this committee is to
overall oversee the implementation of the projpoticy alignment and advice, approval the TNA répor

including the prioritized sectors and technologies.

The project management team, in general, is Depattiof National Disaster Management and Climate
Change (NDMCC), MoNRE and the overall role and oesjbility of this team is to coordinate,
implement the TNA project and reporting to the stee committee and UNEP Risoe Centre. The
members of the team include the project directogrdination, support staff and consultants who
assigned and recruited by the MONRE. The projagcthr is the director of the NDMCC whom main
role is to supervises the team. The coordinat@eisior staff of the NDMCC and IPCC focal point,
responsible for both technical and administratiesks on daily basis on the facilitation and
implementation of the project including working kvitonsultants and coordination with UNEP-Risoe
Centre, the Asian Institute of Technology (AIT) ahdchnical Working Group and Stakeholders. The
support staff are administrative staff of the NDMGQE€sponsible for administrative and financial
including arrangements of the workshop while thastdtant, who was recruited based on selection
procedures of MONRE including consultation procesth key member of the steering committee and
partners, is taking roles and responsibilitiegtenprovision the TNA teams with the process-related
methodological/technical advisory services andlifation including research, analysis and synthesis

needed for the project.

The established technical working group is mainbnf same sectors with the steering committees. The
roles and responsibilities of the group are to @®uechnical support particularly ensuring aligmine
between the prioritized sectors and technologiesthair sectoral strategies and or plans, assistanc
collecting and providing data relevant to theirteec including technical review and feedback on the

TNA reports.
20



The UNEP-Risoe Centre and Asian Institute of Te&tmo (AIT) is technical advisory body who
provides technical support including training, sten and quality control of the TNA report in order

meet the report requirements of the UNEP as weBEB.

Other stakeholders consist of wide range of orgdigms, international organizations, private,
educational and research institutes and NGO. Trosipgare involved in the project based on their
relevance, requirements of MONRE/TNA project argbaltoluntary. This group is engaged to share the
experiences, data, advices and feedbacks includimgdecision on the sector and technology
prioritization.

Annex 1 provides the list of project teams andrtbelonged ministries and organization.

2.2 Stakeholder Engagement Process followed in TNAOverall assessment

The stakeholder engagement is key element of th& pifdject’'s success. However, engagement of all
stakeholders may not possible or ineffective arefficient. So this project focused on engagement of

only key stakeholders and stakeholder arrangemearbject’s activity implementation.

The key stakeholders were identified based on thelevance, influence, impacts, voluntary and
performance on climate change mitigation, adaptaticluding mitigation, adaptation technology. As a
result, there were 36 organizations; from publicivgie, international organizations, projects and
individual participated in the project. Detail ddkeholders was in the Annex 1. Their participatiothe
project included project planning, implementationdareporting. During the planning phase, the
stakeholders were taking part in particularly irta@p workshop which project's activity plan was
presented, discussed and validated. During projegilementation, the stakeholders particularly
participated in the prioritisation of the sectoddachnology on climate change mitigation and aatapt.
During reporting the stakeholders involved withagpeview and validation.
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Picture 2: Technology prioritization workshop in May 2012

Chapter3. Sector selection

In overall the selection of sector for climate ofparadaptations was also conducted through literatur
review of climate change vulnerability and impaots different sectors in the country, initial sector
identification and then selection of sectors thtoagnsultation with stakeholders.
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The review of climate change vulnerability and imgsavas mainly conducted by consultant with support
from the project management team. The review, basethe available and accessible data, covered
review of the climate change vulnerability and irip@a Laos in order to gain insight about the expéc
climate and vulnerable sectors which helps initdahtification of priority sector for adaptationefail of

the expected climate change in Laos and vulnessitors are presented in the section 3.1.

The initial sector identification was similarly aturcted by consultant with consultation and supfyorh

the project management team. This initial sectentidication is to scope or screen critical set¢hat is
susceptive to changing climate and required immedidaptation. The identification based on theltgesu
of the review presented in the section 3.1 anddseed on the key sectors required for climate change
adaptation that recommended in national climatenghaoolicies, plans of Laos and IPCC. The initial
identified sectors were partly described in thetisac3.1.4 and used as reference for stakeholder
consultation and decision on sector selection énTNA inception and sector selection workshop which

described in the section 3.2.

The selection of sectors was taken place in the Tihgeption and sector selection workshop and
employed multi-criteria and scoring including expjeidgement for assessment and selection of the key
sector for climate change adaptation respectiviggtail of process and criteria including resulttioé

sector selection is described in the section 3.2

3.1 An Overview of expected climate change, vulndpdity and impacts

Currently, there is limited research on climatengd® vulnerability and impacts in Laos. This is doe
lack of historical climatic data, financial and hammresources for research. However, previous sindy
assessment such as by Southeast Asia START (SERBI&L005), Kiem et al (2008), World Food
Programme (2007) including observation in the NARAO9), Strategy to Climate Change of the Lao
PDR and SNC (2012) indicated some aspects of dictange, vulnerability and impacts.

The SEA START (2005) predicted that future tempemtchange in the LMB region will vary from
baseline condition within the range of 1 °C ~ 28€tegion will have longer summer periods with stror
winters. The precipitation is on the rising treretviieen 10% and 30% throughout the region, with the
highest increase in the eastern and southern pained.ao PDR. Climate variability tends to be more

extreme with wider differences in precipitationweén dry and wet years, especially in the Lao PBR.
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addition, such as SEA START study also predictédate change impact on agriculture with the use of
Conformal Cubic Atmospheric Model (CCAM) and DeoisiSupport System for Agro Technology
Transfers (DSSAT version 4.0) crop modeling sofevand a result indicated that 10 percent of
productivity would be lost in Savanakhet provinceler CO2 concentration of 540 ppm scenarios.

Kiem et al, (2008) reported that the result ofube of Japan Meteorological Agency atmospheric rgéne
circulation model (JMA AGCM) for production of cleme scenarios in the Mekong River basin showed
that the annual mean precipitation will increaséhie 21st century (2080-2099) by 4.2 percent geera
across the basin, with the majority of this inceeascurring over the northern MRB (i.e. China). Aah
mean temperatures are also projected to increaspjmoximately 2.6 °C(averaged across the MRB),
leading to significant changes in the hydrologytef Mekong River basin. In addition, all Mekong &iv
basin sub-basins will experience an increase imtimber of wet days in the ‘future’, magnitude and
frequency of extreme events such as flood whileethi® likelihood of reduction of droughts/low flow

periods though water extraction would be at a sgitde level.

A study by World Food Program (2007) predicted #@&percent of the rural population in Lao PDR are
vulnerable to drought, most of whom are locatethanlowlands, especially in the Southern regiorgs an
in the provinces of Xayabury and Luangprabang. @icty, most households vulnerable to drought are
farmers or (agricultural)unskilled laborers, 12qeatt of agro-pastoralists are also considered vaithe

to drought; leading 2 percent of the populationengready chronically food insecure.

According to the Joint Study Team including MAF,WRHUCN, ADPC and PAFO, climate change is
likely to enhance the severity and frequency obdlaand drought in the future. Floods will increase
during the rainy season and drought will increasgnd the dry season (Report of the Joint StudynTea
including MAF, STEA, IUCN, ADPC,PAFO of Attapeu,nlaary 2005).

According to the data recorded, Lao PDR has alréacyd the impacts of climate change, particularly
from floods, droughts and human health. Basicallxgr 80 percent of Lao people depend closely en th
agriculture practice and natural forest resoureesoss for their livelihoods. However, the dateieaved
has shown that from 1966 to 2005, climate changsiog floods and drought, which affect extreme
economics, food security and background infrastinegtexample, houses, roads and irrigations value i
millions of USD (UNDP 2009). Flooding disaster iagped the central and southern parts of Laos,
especially in year 2005, with losses amounting twarthan 10 million UAS$ in Vientiane (UNDP 2009).
Furthermore, the areas of rain-fed rice fields rdgstd by flooding were over 65,937 ha in 1995, 6@,5
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ha in 1996, 42,900 in 2000, 42,223 ha in 2001,%hH800 ha in 2005. In 2005 and 2006, paddy riel fi
irrigation systems damaged by flooding costed dvenillion USD. The climate change affecting to
flood and drought in Laos not only impacts to theremics of Lao people, but it is also affecteccliy

for rice production shortage and increasing huraget poverty to Lao people, some detailed data for
floods and drought are shown in Table 1.

The climate change impacts not only the Lao econagyiculture products and livelihoods, but it also
creates a public health hazard for both directiadaect ways to people. For the indirect wapofis

and drought which causing from climate change irhgacthe human health by spreading diseases
through dirty water flooded and drought to the peppspecially from the people up stream to lower
stream. The diseases that usually occur are grog)lmalaria, diarrhoea, dysentery, dengue fevdr an
pneumonia. The UNDP report in 2009 stated thateiar 2005 there were more than 10,000 cases of

diseases were recorded causing by the climate ehamgsing for flash flooding and droughts (Table 2)

Table 1: Rain-fed rice fields impacted by flood (196-2005) in hectares (ha). Severe drought occurréd 1998 to 2003

Regions 199¢ 1997 199¢ 200( 2001 2002 200¢ 200/ 200t
Northerr 1,21t 25E 161 20 24C 1,81( 207 357 62(
Centra 42,35(| 26,37(| 4,792z| 29,42(| 30,19¢| 24,15 607 | 13,07¢| 44,12(
Southerr 23,98: 6,75(| 3,54¢| 13,46(| 11,79( 8,10: - 96( 9,90(
Total: 67,54¢ | 33,37| 8,50z | 42,90(| 42,22:| 34,06 814 | 14,39% | 54,64(
Source: modified from NAPA, 2009
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Figure 2: Impacts of floods and drought in Lao PDRfrom 1966 to 1995 (modified from NAPA, 2009)
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Table 2 Climate change impacting human health from 2001a 200¢

Disease 2001 200z 200¢ 200¢ 200¢
Casi Deatt Casi Deatt Casi Deatl | Cast | Deatl | Cast Deatl
unidentified| - g5 5| 959 1 790 1| 879| o i -
dysentery
Diarrhoe: 2,941 15 2,04z 3 1,572 7| 1,761 10 - -
dengue
feszr 3,968 3 9,176 21| 19,638 63| 3,414 10| 5,471 13
malarie | 24¢€,844 244 | 267,454 19k | 274,911 187 | 53,80¢ 10E | 3C,341 77
pneumoni 2,431 14z 2,64E 13z 2,79€ 16C| 3,20¢ 185 | 3,80¢ 154
smallpo; 1,361 20 1,237 0 1,27¢ 0| 1,84¢ 7 - -

Modified from (NAPA, 2009)

A study in relation to the vulnerability to climatdange in Lac for Second National Communicati
(2012) was developed by aggregating indices for vulneitgibdind adaptive capacity which are cal
Sensitivity and Exposure index (SEI) and Adaptiapé&rity Index (ACI). These aggregated indices
used to reflect the vulnerability and adaptive citygdevels of villages in Laos, the higher the SEI,
more vulnerable the villagdloNRE, 2012).

Sensitifity and Exposure Indes [SEI]

600
500 1 HHIT

400 + L

300 1

Number of Villages

100 A

0

0.00 0.23 0.30 073 1.00

Figure 3: Histogram of Sensitivity and Exposure Index (SEl)f the Lao PDR (MoNRE, 2012

The result shows high vulnerability to tchange of climate. As shown indgire , nearly all provinces
of Laos have more than offi@drth of villages that are highly sensitive ang@se to extreme climat
Only Champasak and Vientiane capital have smafpqgntoon of villages having exposed tce change.
Moreover, over 75 percent of Lao villages and pmogs have low adaptive capacity to climate chi
and low capacity to cope with related disast
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Agriculture and health are the key sectors exptsede impact of the change, especially, floodudra
and disease epidemic. In agriculture sector, thasaof rain-fed rice fields were destroyed by flaod
average over 45,000 ha each year between 1995084 2n 2005 and 2006, irrigated paddy field was
damaged by flooding with losses over 5 million USDhese negatively affected the rice production
causing shortage of rice, increasing hunger anenppto Lao people (NAPA, 2009).

Health sector is one of major concerns to the ohaofclimate. Lao Heath has identified seven
significant health concerns related to climate gesand shown in Table below:

Table 3: Climate change and health risks

No | Impact of Climate Risk Adaptive capacity
change
1 | Increases in averar | Population with heart probler No preparation to cope wi
temperature asthma, the elderly, young and | unexpected heat.
homeless. No health-care records of heat-related
health effects.
2 | Extreme weathe Death, injure, deceases andntal
events such as flood| disorder, water born and vector
and drought maborne disease
3 | Change in averac Vector borne and rodent bor 72% of population are covered
temperature and diseases such as malaria, dengueAnti-malaria programs
rainfall tick borne, and encephalitis 83.8% of population are protected by
impregnated bed nets. But 90% of
villages claim malaria as a major health
problem.
4 | Heavier rainfall -Waterborne diseases suct
events and higher E.coli, giardiasis and
temperatures cryptosporidiosis-Contamination
of drinking water from Flushing
bacteria, sewage, fertilizers and
other organic waste into water
ways and aquifers.
5 | Increase ir Flood born diseasecausin Limited report and research in fo
temperatures in diarrhea, illnesses and deaths born diseases.
summer especially amongst mothers and| Limited surveillances of food
children contamination,
6 | Air pollution Respiratory infectio
7 | UV radiatior Exposure to Solar UV can cat
cataracts, growth of pterygium,
macular degeneration, and eyelid
cancers

Sources: modified from Climate Change and Healthpdtion Strategy in Laos (2009)
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Malalia, Dengue fever and Diarrahea remain probléand.aos from 2001 to 2005 as shown in Table
below:

Table 4: Climate change impacting for human healttirom 2001 to 2005

Disease 2001 200z 200¢ 200¢ 200¢
Cast | Deatl| Cast | Deatt| Cast | Deatt| Cast | Deatt | Cast | Deatt

Unidentified 89¢ 0 95¢ 1 79C 1 87¢ 0 - -
dysentery
Diarrhoei 2,941 15 2,04z 3 1572 71 1,761 1C - -
Dengue 3,96¢ 3 9,17¢ 21| 19,63¢ 63| 3,414 1C| 5471 13
fever
Malarie 24€,844 244 | 267,454 19t | 274,911 187 | 53,80¢ 10t | 3C,341 77
Pneumoni 2,431 142 2,64k 13¢ 2,79¢ 16C | 3,20€ 185 | 3,80¢ 154
Smallpo» 1,361 20 1,237 0 1,27¢ 0 1,84€ | 7 - -

3.2 Process, criteria and results of sector selet

As stated in the earlier of the Chapter 3; the alveector selection process included the reviewhef
climate change vulnerability and impact in diffeéreectors, initial sector selection and selectibthe
sector with the use of multi-criteria and experdigament in the TNA inception and sector selection
workshop. However, as the review of the climatengeavulnerability and impact in different sectors,
initial sector selection was already mentionedhia sector 3.1 before; this section focused onaliniti
sector section, the TNA inception and sector selectvorkshop and applied multi-criteria, scoring
including the results of the sector selection.

As mentioned, the initial sector identification migibased on key climate change vulnerable sethaits
were recommended in national climate change psligkans of Laos and by IPCC and it is pre-selactio
of sectors in order for stakeholder to discuss amake judgement in the TNA inception and sector
selection workshop. So the initial sector selecticas conducted through review and summary of the
climate change vulnerable or adaptation sectotsidieatified in the National Adaptation Programnfe o
Action (WREA, 2009), the Strategy on Climate Chanfjthe Lao PRD (WREA, 2010), Second National
Communication on Climate Change of the Lao PDR-§MGNRE, 2012) including Fourth IPCC report
(IPCC, 2007). Those identified sectors consistedgyfculture, water resources, public health, foyes

industry, energy, transportation, urban and residiencluding their infrastructure.
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The TNA inception and sector selection consultatimrkshop was held on £7ebruary 2012 and
participated by 36 participants representingl8 mizgdions including public, private and internatibn
organizations(Annex 3).Prior to the workshop; tteksholders were informed about the climate change
vulnerability and impacts of different sectors iads as described in the section 3.1;during the stani,

the stakeholders discussed vulnerable or adaptaéiotors defined in the NAPA, SCC, SNC and IPCC
AR4 as well as initial identified sectors mentionaldove. In addition, the stakeholders were also
consulted about steps and methodologies for seetection particularly multi-criteria and applicati of

the criteria for the selection including judgment the results.The multi-criteria applied in the
prioritization of the sectors were basically depeld and agreed amongst stakeholders with refeihce
the criteria recommended in the TNA guidebook (UN&el UNFCCC, 2010). These criteria cover four
main areas: contribution to GDP, GHGs reduction aedjuestration, environmental and social

improvement. Below is the detail of criteria argldescription.

Table 5: The criteria for technology prioritization

Category Criteria Description

] ] Sounds cost and preferable technology which alswityrfor
Cost/investment Cost/investment

investment.
Adaptation ) ) Potential for adaptation including reduction ofrnedability
) Adaptation potential ] ) ] )
potential and impacts while enhancement of adaptive capacity.
.;2 ] Enhance economic growth particularly GDP and stgbil
@ Yield/Income i . i )
S including create income and increase.
o]
g Enhance SMEs/MSMEs, growth and diversification
e SMES/MSMEs particularly environmentally and social respongipil
o
g enterprise.
8 Reduce , . o .
s @ ] Covers reduction of environmental negative impagmtdution
£ & | environmental ) o . i .
c 2 o while contribution to environment protection suchpaotection
= 2 | negative impacts o )
Development | =2 = ) of land, water, biodiversity resources and ecosyste
w and pollution
-:2 Employment Crea-tlon of n?\-NjobS and employ.ment opportunitiesiding
o working conditions such as learning and safety.
% Addressing gender gaps and contribution to gengiaaley
©
S Gender equality particularly opportunities for gender such as ineom
n

generation, , capacity building and employment.

Enhance adaptive | Particularly health safety, infrastructure, edumatind

capacity organization strengthening
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In the selection, based on sector performancessdbres were given to each sector against crit€ha.
score ranks from 1 to 5; of which 1 is the leasffgmred while 5is most preferred. With this, innpiple,
the sector that obtains highest score would bectsgleas priority sector for adaptation. As a resfilt

stakeholder judgement and scoring; the scoresalf sactor against criteria can be shown as in thleTa
6below.

Table 6: Result of the sector selection

Sectors/Criteria] Contribution Most Environment/ | Contribute | Employment Existing Social Total Score Priority
Vulnerable Ecosystem Poverty /Initiative Benefits

Reduction/

Livelihoods
Water 5) 5 5) 5 4 4 5 33 1
Agriculture 5 5 3 5 5 5 5 &3 1
Health 3 4 8 4 3 4 5 26 3
Forestry 5 3 5 4 4 3 5 29 2
Industry 4 8 2 3 4 2 8 21 5
Energy 4 4 8 8 4 8 4 25 4

According to the scores in the criteria; the adgtice and water sector were chosen as prioritlionate
change adaptation. On the other view, these sewtmes selected because of its vulnerability, prycaind

significance for the socioeconomic developmenteamdronment preservation.

As mentioned, the agriculture sector is a top wabke sector which is directly and indirectly atfsit by
the changes of climate including disasters causedlimate change. While this sector is fundamental
sector for socioeconomic development of Laos amdkiy employment sector as the majority of Lao
lives in rural area and relies on agriculture aatural resources (UNDP, 2010). For past six ydhis,
sector contributed about 30 percent of the GDRHerperiod of 2006to 2010 and it expected that this
level of contribution will continue until 2011-20{MPI, 2011).In addition, enhancing climate regitie
of agriculture sector means support implementatibthe national strategies and policies as well as

ensuring poverty eradication, food security, rudalvelopment, promotion of commercialization of
products, decentralization.

Water sector is also among the key climate chandeevable sector while it is crucial resource and
critical sector for development of socioeconomi@sjvironment conservation including support
development other sectors. Water resources canrbetlg and indirectly affected by the changes of
climate such as change of hydrological cycle arabystem; leading flood and drought including water
and water resources supply. Impact of the wateseteans impact on the socioeconomic development
as Laos’'s economy and livelihood are more deperaant water resources such as hydropower,
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irrigation, water supply, aquatic resources andisou Enhance adaptive capacity of this sector doul

help ensure economic growth, poverty reductiorlildod improvement and conservation of ecosystem.

Chapter 4. Technology prioritization for water secor

Similar to sector section process, in overall, gheritization of adaptation technologies for wasector
were carried out through the review of vulnerapitihd impact of climate change; identification &rig
adaptation technologies in the water sector; ingssessment and selection of technology optiond; a

then prioritization.

The review of the vulnerability, impact of climathange in the water sector included the literature
review of the vulnerability, impacts from previostsidies and assessment such as study and assessment
of climate change and impact in the Mekong regibiSBA START, in the First and Second National
Communication-FNC and SNC(STEA, 2000; MoNRE, 20N3tional Adaptation Programme of Action
(WREA, 2010), Strategy on Climate Change of the PRRR-SCC (MoNRE, 2010),Water Resources
Strategy to the year 2020 of the Lao PDR (WREA,12Ghd Master Plan on Disaster Prevention (MLSF,
2009). In addition, it also included review of ttlanate change impact elsewhere such as IPCC annual
report 2007 as reference. Detail and results of¢hiw of the climate change vulnerability, impaoce

as described in section 4.1.

The identification and edition of existing adapti@ehnology in the water sector included the revigw
existing technologies recommended policies, plamsraports that mentioned in the above. In addition
the existing technologies were also identified adied in the technology prioritization workshopetBil

of edited existing adaptation technologies is axideed in section 4.2.

The initial assessment of the technology optiona igre-requisite for technology prioritization. $hi
assessment included categorization of the editesdirex and recommended technology, which based on
its scale of application and availability. The smttof the technology options is the identificatiohthe
technology option based on benefits of technolagy aignment with national policies. Both the ialiti
assessment and selection was initially conducteddmgultant with consultation and support from the
project management team. It is then justified aalilated in the technology prioritization workshiop
stakeholders. The results of the initial assessraentdescribed briefly in the section 4.3: overvigiw

possible adaptation technology options in the wsgetor.
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The technology prioritization was conducted in tehnology prioritization workshop which was hetd i
May2012. It was attended by 37 participants frordedartments of relevant ministries and organization
(Annex 4).The workshop technology employed muliiecia, scoring and sensitivity analysis for
assessment of the technology options and expegejudnt for prioritization of the technology. Detal

the workshop and prioritization were as descrilme8ection 4.3 following.

4.1 The vulnerability and impacts of the climate chnge on the water sector

The vulnerability and impact of the climate chamge be assessed and viewed in various aspects and
sectors. However, according to available informmtithis report just provided overview of risk and

impacts of flood, drought and water bone disease.

As mentioned in the section 3.1; one of the maipaats of climate change is on hydrological cycld an
increase of magnitude and frequency of such eviestading flood and drought. According to SEA
START study (2005), the precipitation is on théngstrend between 10% and 30% throughout Mekong
region and Kiem et al, (2008) also projected that number of wet day would increase in future. In
addition, WREA (2010) also provided observatiort e dry season is becoming longer, droughts are
more frequent and more severe, unusual and exfiteoteevents are escalating.

It is fact thatLaos is at risk of flood and droughhe north faced the flash flood while the middked
south region experienced river flood. In additithe extreme events such storms already exacertheted
flood situation and it is anticipated Laos woulgesience increase of magnitude and frequency df suc
events including flood and drought. Based on tears/@lood record, between 1995 to 2005, the aréas o
rain-fed rice fields destroyed by flooding were 068,937 ha in 1995, 67,500 ha in 1996, 42,900 in
2000, 42,223 ha in 2001, and 57,300 ha in 20052006 and 2006, paddy rice field irrigation systems
damaged by flooding costed over 5 million USD. ffooding disaster, in the central and southerrspar
of Laos especially in year 2005, Vientiane was deasamounted to more than 10 million UA$ (UNDP
20009).

4.2 Existing adaptation technologies in the wateregtor
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Based on review of existing technologies partidul#iose recommended in the NAPA (WREA, 2010),
SCC (MoNRE, 2010), SNC (MoNRE, 2012), Water ResesifStrategy to the year 2020 of the Lao PDR
(WREA, 2011) and Master Plan on Disaster PreventMbSF, 2009), IPCC annual report 2007, TNA

Guidebooks and Climate Techwiki together with tedbgy identification and edition by stakeholders
during technology prioritization workshop; the diig technology in water sector can be summarized a

in the table 7 below.

Table 7: Edited existing technology and categorizain

No | Categoryi Key adaptation technology Scale of applicatior Availability
Sub-sector options
1 | Water source | 1. Watershed manageme Medium to largescale | Short to medium terr
and supply (IWRM)
management | 2. Ground water pum Small scale Short terrr
3. Multi-purpose hydropowe Small 0 largescale Short to medium terr
dam
4. Irrigation Small to nediumscale | Short termr
5. Borehole/Tube wel Small scal Short terrr
6. Rain water harvestin Small scal Short terrr
7. Water safety ple
2 | Water quality | 1. Water quality monitorin Mediumscale Short to medium terr
management | 2. Effective law enforcemen Medium to largescale | Short term
3. Water treatment plan Medium to largescale | Short to medium terr
4. Water recycle Small to nediumscale | Short to medium terr
5. Water drainage syste Medium to largescale | Short to medium terr
6. Household Drinking Wate Small to nediumscale | Short to medium terr
Treatment and Safe Storage
7. River bank protectio Medium to largescale | Short to medium terr
3 | Flood and 1. Early warning syste Medium to largescale | Short to medium terr
drought 2. Flood and drought haza Medium to largescale | Short to medium terr
management mapping
3. Floodand droughmonitoring | Mediumscale Short to medium terr
4. Improve weather foreca Medium to largescale | Short to medium terr
system
5. Regulation of water dischart
(from dam)
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6. Preservation of wetlar Small to nediumscale | Short to medium terr

4 Promote water| Water resources awareness Small to nediumscale | Short to medium terr

use efficiency | education

5 | Strengther Water use grou Small to nediumscale | Short to medium terr
water sector

administration

River basin/Watershed management

This refers to the river basin or watershed managénthat applies Integrated Water Resources
Management (IWRM) techniques for the planning arahagement. The IWRM covers application of

participatory techniques, multi-disciplinary andganization to realize sustainable water resourak an
environment with balance of socioeconomic develamnie the hydrological boundaries. Usually the

IWRM process includes institutional arrangement andagement, selection of critical river basin or
watershed, creating consultation dialogues, asssgsai the watershed function, creating action plan

implementation of action plan, monitoring and ewdilon.

Lao PDR is in the Mekong River Basin and occupiasioer of important Mekong River tributaries and
river basins. Based on the strategy on water ressuio the year 2020, government expected to apply
IWRM for all river basin and watershed. Howeverdgde, only two river basins namely Nam Ngum and
Nam Thuen-Nam Kading that completed basic stepBMEM such as organization of management

committee and in the process of planning for soatae river basin management.

Water Supply System:

Water supply system is key water storage and ca@mazy for consumption and useof water in society.
There are two main types of systems: pumping aadityrsystem or Napapa and Namlin which usually
applied for urban and rural community respectivélye pumping systems consist of head pump which is
usually electricity pump while gravity usually re$i on head dam and water reservoir in higher atea.
pumping system sometimes requires dam and reseasoivell. These two systems similarly equipped

with water storage and treatment, pipe and cosystem.

The water supply system has been introduced in lfansenturies. Currently 77 percent of total

population access to clean water (MPI, 2011). Tystesn doest cover all area yet, some are inadequate
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water particular in dry season due to drying ofewatources and or leakage including insufficienty o
water use. Therefore; in the changing climate, watpply system development should consider climate
resilience, the construction standard, proper agdlarly maintenance and management including water
sources or catchment conservation and cost eftautis.

Irrigation

It is a group of technologies for irrigating riceadaother crops. In addition, it is also constructed
preserve water for the use in the dry season aidatre system during rainy season or flood. Thexe a
several types of irrigations: concrete and earttieam, weir and stone pocket weir. It also includes
pumping and gravity system; irrigation and drippimgsprinkle system. Usually the irrigation system
consists of head pump, water reservoir, canalpdrgpand or sprinkle system. However, the concrete
dam and canal is the most preferable as it candre resilient to flood and more effective in drajaar

irrigating the water.

The irrigation has been introduced in Laos for nmitwan 40 years and in 2010, the irrigated rice(ig, 1
410 ha or around 15 percent of the total rice af¢he country (MPI, 2011). However, recently numsbe

of irrigation were broken or use of use becausdladd, low of maintenance and low quality of
construction. In addition, many are of use dueaitk lof water and or high cost for electrical pump
system. Therefore; future irrigation developmenbudti consider climate resilience, meeting the
construction standard, proper and regularly maariea and management including water sources or

catchment conservation and cost effective irrigatio

Water pump:

It is a technology that involves drilling into gmoai and extracting water from ground water for (dgs
technology is mainly used in sub urban and ruraharhere access to river and other water sources is
limited. The technology consists of drilling, inseg a tube to protect the erosion, and a handeatrécal
pump. In addition, concrete floor around the pumpvet area and roof to keep shade. There are devera
sizes of pump but on average, in case ground vgseifficient, it can be used to cover water sufpha
cluster of village or community or about 100 housldh. Average cost is approximately $US 3,000 for
construction of a pump system including water quaésting. Water from the well can use directly fo

other use but is encouraged to boil for the drigkin

This type of pump has been introduced in Laos fecade and currently, quite a lot of families or
households in sub-urban and rural area are stilube water pump. The construction of pump isswt
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costly but the issue is quality and quantity ofugrd water. In some areas, manganese and cyanide are
higher than acceptable levels; some are facingdryf ground water. It also associates with knaolgte

and information about the ground water which isallgdimited. In addition, there is a problem break
down of pump and low maintenance of pump. So regulanitoring of water quality, quantity and
maintenance of the pump is necessary.

Borehole/Tube Well:

It is traditional technology that used for centarend majority is in the rural areas. Borehole ugefor
getting cleaner ground water and water from neas®y through sail filtration. The technology invels
with digging the hole particularly in the area thatr river, ground water table. Tube is sometinss]

to protect erosion in the well and it is also uguabvered by a roof to prevent from leaves, dudis the
well. It is a low cost and not required high kiled knowledge including save cost for paying water.
Water from the well can use directly for use butngouraged to boil for the drinking. Because dlise

to river or water sources, for flood prone areés thipe of well is often affected and out of useily
flooding and or some heavy raining period. Oftea thaintenance and cleaning of well is taken every
year and usually after raining season or flood®gmetimes, the sour stone is used for clarify theew

and sedimentation particularly in the first few slafter digging or cleaning.

Currently, several families or households in ranaas are still using the borehole well. The coetitin

of borehole well is though low cost and affordatepoor and local people, however, this boreholel w
can be risk sources of water in the changing climédod prone and ground water high contamination
area. In addition, the use of sour stone can chesdth effect. So water proofed well with regular
monitoring of water quality and awareness raisihguéd be the option for improvement of boreholes

well.

Rain water harvest from roof:

It is also a traditional technology that used fenturies and majority is in the rural areas. Ifds
collection of water in rainy season and for usehie dry season and or save water from other sources
including reduction of payment for Nampapa wateis la low cost and does not require high kills and
knowledge. The technology involves with roof drajeasystem, pipe, filter and water container. Water
from the well can be used directly for other useé ot encouraged for drinking as water is usually
contaminated due to rusty, dirty roof and prectptaparticularly the first rain. However, some giiees

used the first rain water in rainy season as ligdidattery.
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Currently, there is no statistic about the numbidranuseholds are still using this technology. Hogreut

is only practical for small scale and use collectester for other purpose rather than drinking. Ad
mentioned, other issues of the harvesting waten froof are contamination of rusty and dust inclgdin
particles or elements in the air and precipitatioraddition, filtration of treatment can be costlympare

to access water from other sources. This meandeaairest can be only practical for certain purpasea

and cases.

Multi-purpose dam:

It refers to the dam that, apart from electricitgguction, includes function of flood reductiorjgation
system, fishery, and tourism and environment comdien in the watershed. Lao PDR’s total
hydropower potential is estimated to be more tha@@@MW. The dam or hydro power dam has been
introduced in Laos since 1975 and it is also egdhahat by 2011 installed capacity will increale t
four-fold from the current 624 MW to 2,735 MW arktnet revenues could grow 20-fold from relatively
little today (US$17 million) to approximately USEBillion by the year 2020 and could exceed $700
million by 2025 (WB, 2010). It is one of largestcome sources and significantly contribution to
socioeconomic development of the county, howevemyrcited that the development of hydropower,
despite it is clean energy, but it cause lots ofiage to environment, ecosystem including commuiity.
addition, the hydropower was not designed and implaed effectively for other function such as flood
regulation, irrigation, tourism, conservation oftemresources and environment in the watershed. So;
multi-purpose hydropower dam construction shoulddesidered as option for future hydropower dam

development.

Water safety plan:
Water Safety Plans (WSPs) are described collegtiaela systematic and integrated approach to water
supply management based on assessment and cdniasiaus factors that pose a threat to the saféty
drinking water. WSPs enable identification of thseto water safety during any and all steps in the
catchment, transport, treatment and distributiondohking water. This approach is fundamentally
different from those traditionally adopted by waseippliers, which rely on treatment and end-product
testing to ensure water safety. When implementedessfully, the WSP approach can ensure that water
quality is maintained in almost any context. Framewfor safe drinking water WSPs contribute to
climate change adaptation at the catchment levelapily through increased resilience to water gyali
degradation. The WSP approach allows for water lgnspto be flexible and responsive to changing
input parameters. This means that the monitorireyjagement and feedback components of a successful
WSP naturally absorb the acute impacts of climatnge. The WSP approach can also be modified to
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adapt to long-term climate change and slow-onsearda by recognizing how the water supply system
may be affected by specific climate change effdotfactoring these effects into the risk assessnaeial

by identifying appropriate control measures.

Household Drinking Water Treatment and Safe Storag€HWTS):

The drinking water treatment and safe storagerisnfproving the quality and safety drinking water b
treating it in the home. Common technologies ineludtraviolet disinfection processes, biologicatéa
filters, combined products with both coagulant diginfectant (e.g. Procter and Gamble PUR product),
and solar disinfection (SODIS).These technologesetbeen used for decade but still in small scaée d
to poor people may face high of cost for modermnetogy e.g PUR, ultraviolet disinfection while
majority of urban people already access to Nampidpaever, this technology is important particularly

in the flood area which access to safe drinkingewist difficult.

Water treatment plants and facilities:

This is for water recycles and maintenance watdretavailable for use in long run. The water tresatm
plants include one for treatment of waste watemfrarban, industry, landfill and sewage. In Laos,
recently there is no waste water treatment plantétdressing waste water from urban and residential
landfill and sewage. Although industrial factorasd manufacturing equipped with this facilities baty
large one does. Law on industry, decree on enviestiah impact and social assessment, water quality
and environmental standards are in place, buntipdeimentation is less effective. In addition, catyaan

the design and maintenance of such plants andtiieils limited. So it is important to the treatmhe

plants in place for recycle of water, reduce immacenvironment and health including GHGs emissions

Early warning system

is a technology for flood prevention. It associatgth setting up system weather forecast, modedihg
discharge, water gauges, information disseminatomis that provide the information to society or
community including enhancement of readiness opameriness and recovery plan for minimizing
impacts that would be caused by extreme eventdiuflood. This technology is practiced in Laos
years ago and mainly by MRC, department of metegsobnd hydrology of MONRE, center for flood
prevention in Asia pacific, disaster preventioniaafof ministry of social welfare and projects fedd
world food programme and Lao Red Cross. However,agproach or technologies employed by these
organizations were various and not yet systemétifahctioned. MRC focused on the river flood and
used water gauge including computer-based modé&inf§ood monitoring and prevention. Department
of meteorology and hydrology focused on the regpladiction and provision of the precipitation and
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river discharge information for society and commtiesi While the rest focused on preparedness and
flood recovery. This means, early warning systera nat implemented systematically. This issue caused
by lacks of equipments, capacity including finahgiesources. So improvement of this system and
implemented effective is expected to realize ousmflood prevention and impact minimization.

4.3 An overview of possible adaptation technologyptions in water sector

There are several adaptation technology optiorthénwater sector recommended in the policies, plans
and reports particularly NAPA (WREA, 2009), WateedRurces Strategy to the year 2020 of the Lao
PDR (WREA, 2011), Strategy on Climate Change oflthe PDR (WREA,2010) and Second National
Communication on Climate Change (MoNRE, 2012), IPfoGrth report (2007), TNA handbook on
water sector and Climate Tecwiki including onesntdid in the edited and categorized technology
mentioned in section 4.2. However, based on tedgyoperformance potential, and benefits including
beneficial groups coverage justified and judged gstgkeholders particularly in the technology
prioritization workshop in May 2012, the technokegjin the Table 8 below are considered as adaptatio

technology options.

Table 8: the adaptation technology options in watesector

No | Categoryi Key adaptation technology option:

Sub-sector

1 | Water source Watershed management (IWR

and supply Ground water pum

management Multi-purpose hydropower dz

Irrigation

Borehole/Tube wel

Rain water harvestin

2 | Water quality Water quality monitorin

management Effective law enforcemen

Water treatment plan

Water recycle

Water drainage syste

1.
2
3
4
5
6
7. Water safety ple
1
2
3
4
5
6

Household Drinking Water Treatment and Safe Sto
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River bank protectio
3 | Flood and Early warning syste
drought Flood and drought hazard mapp
management Floodand droughmonitoring

Improve weather forecast syst

Regulation of water discharge (from da

Preservation of wetlar

4 Promote water Water resources awareness and educ

use efficiency Research

5 | Strengther

water sector

Flood and drought operation cen

Water use group

g 0N P ok W DN PN

administration Flood relief subsidy mechanism

4.4 Process, criteria of technology prioritizationin the water sector

As mentioned earlier, the technology prioritizatisas conducted through the process of reviewingsta
of climate change vulnerability and impact and tdemation of existing adaptation technologies iater
sector; initial assessment and section or scredrifgiology options and prioritization of the teclugy

in the technology prioritization workshop with thee of multi-criteria and expert judgement. Theusta
of climate change vulnerability and impact and #&xgsadaptation technologies were as describetdn t
section 4.1 and 4.2 respectively. The initial assent and selection of the technology options vgais a
4.3. So following focussed on the technology ptipation in the workshop which was organized in May
2012.

37 participants representing 24 departments omizgtons of government, academic, research instiu
private, international organizations and projectteramled the technology prioritization workshop
organized in May 2012. The list of the participaistin the Annex4. Pre-workshop the stakeholdenewe
informed about the vulnerability and impacts of ttienate change in the water sector as in sectitin 4
and adaptation technologies and options partigutarkes that were mentioned in the section 4.2.riguri
the workshop, the stakeholders were introducedd@sulissed on the steps and methodologies particular
validating technology options, criteria and apgima of the multi-criteria and scoring techniques f
assessment and prioritization of four technologhesa result of expert judgement and validatiomp; ten
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technology options that perceived as key the tdolgyofor adaptation were selected for further

prioritization. Those top ten technologies are r@s@nted in the Table 9 below.

Table 9: Ten Technology Options

Z
o

Ten Technology Options

Flood risk mappin

Early warning

Multi-purpose water reservoir and stor:

Optimal water supply syste

Disaster impact reduction fu

Climate change oriented irrigati

Effective water sources and basin manage

Flood anidrought operation cent

©| O N| o o | W N -

Groundwater manageme

[EEN
o

Hydrological monitorin

For prioritization of four priority technology; iaverall, the top ten technologies were assessddtigét
use of multi-criteria and scoring techniques inotgd sensitivity analysis. The criteria for the
prioritization consisted of technology performanadaptation potential, and contribution to sustalima
development as well as benefiting economic, enwiramtal and social development. These criteria were
elaborated, edited and agreed by the stakehold#rgeference to the criteria recommended in théATN
guidebook (UNDP and UNFCCC, 2010). Prior to themitization of the technologies, the criteria were
weighted by stakeholders based on its significamzbtechnologies were scored against the crit€ha.

applied criteria and weighing is presented in thbl& 10 and Figure 4 below.

Table 10: The criteria for technology prioritization

Category Criteria Description

Cost/ ) Cost or investment in the development, applicatiooperation
Cost or investment )

Investment and maintenance of the technology.

) Reduction of impact and
Reduction of . } ) . - ]
. vulnerability while Reduction of impact and vulnerability while enhameat of
impact and ) ] ]
- enhancement of adaptive adaptive capacity
vulnerability )
capacity
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Development

Yield/ Income

Support for economic growth particularly GDP anabsity

Q
g ;‘2 including create income and increase.
Q
§ & Enhance SMEs/MSMEs, growth and diversification ipatarly
w < | SMES/MSMEs ) _ o )
environmentally and social responsibility enterpris
é 2 | Reduce Covers reduction of environmental negative impaacis$
) . o . . .
& § | environmental contribution to environment protection such as gecton of land,
= o
LIEJ < | negative impacts water, biodiversity resources and ecosystem.
* Creation of new jobs and employment opportunitiesiding
£ Employment ) N )
o working conditions such as learning and safety.
% Addressing gender gaps and contribution to gengieality
©
S Gender equality particularly opportunities for gender such as ineageneration,
n

capacity building and employment.

Socioeconomic

equality

Addressing gaps between urban and rural and catitibto
rural development and poverty reduction through
decentralization, capacity building, local ownepshi

participation, transparency and good governance.

Weight

E Cost (20%)
B Adaptaiton potential (15%)

=

® Reduce environmental negative impacts (9%
® Employment (10%)
= Gender equality (5%)
= Health, education and capacity (5%)
Yield/Income (20%)
SMES/MSMESs (8%)

Figure 4: Weighting of the criteria

In the prioritization, the score were given agathst criteria by stakeholders. The score varies féoto

100; of which, 0 is for the least preferred whil@1s for the most preferred. And basically, tedbgp

that gains highest is considered as the highestrifyritechnology for climate change adaptation

respectively. The results, from scoring and weighbf each technology are presented in the fotgwi

table.
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Table 11: The results of the scoring of technologyrioritization for water sector

Cost/ Adaptat_lon Enqunmental Social Benefits Economic Benefitd Total Costs| Total chre Total Rank
Investment Potential  |Benefits of Benefits | Score
Technology Options Environmental | Employment| Gender Health, GDP/ SMEs/
Negative Impacty Creation Equity Educaiton and| Income/| MSMEs
Reduction Promotion Capacity Yield
Promotion

Flood risk mapping 65 55 80 50 60 70 65 60 13 50 63 7
Early warning 75 100 100 70 60 70 65 75 15 63 78 2
Multi-purpose reservoir and 70 70 0 65 0 50 100 100 14 48 62 8
water storage
Optimal water supply system 80 75 70 60 100 100 70 65 16 61 77 3
fDJZZSter impact reduction 100 90 80 80 80 75 70 70 20 63 83 1
Climate change oriented 80 75 65 75 60 65 85 70 16 58 74 5
irrigation
Effe.ctlve water sources and 80 75 80 70 60 70 70 80 16 58 74 4
basin management
Flood and d ht ti

cod and drought operation 70 80 70 100 65 70 65 0 14 53 67 6
center
Groundwater management 0 30 50 0 60 0 0 60 0 21 21 10
Hydrological monitoring 65 0 60 70 50 60 60 85 13 41 54 9




4.5 Results of technology prioritization for watersector

Throughout the prioritization process particulathe assessment of the scores in the criteria and
stakeholder judgement; four technologies namelylyE@farning System, Disaster Impact Reduction
Fund, Climate Change Oriented Irrigation and W&wepply System which obtained highest preferable
scores are selected as priority technology needifoate change adaptation in the water sector.

Early Warning System:

Early warning system is one of the area that onethef country priority which defined on the
socioeconomic development plan 2011-2015 (MPI, 20%frategy on Climate Change of the Lao PDR
(WREA, 2010), National Disaster Management MastanRnd plan of the department of hydrology and
meteorology of MONRE. However, despite it is thepty, lacking of financial support, knowledge and
skills on the system; leading to this system is yeitfully functioned and or effective. With system
place, it is expected that impacts that would tefsaim disasters particularly flood including flaBbod

could be largely minimized.

Disaster Impact Reduction Fund:

Complementary to the early warning system, disastamagement fund or impact reduction fund should
be established in order to ensure the preparedumassimplementation, monitoring and recovery of
disaster impacts. Despite it is immediate needndgiinancial shortage; government only allocated ar
mobilized disaster recovery fund periodically oreet based basis which caused disaster or flood
handling ineffectively, not timely; leading longrte and expansion of impacts. So a specific andyread
fund is needed for increase effectiveness of tlewagmtion and handling with such disaster in timely
manner. The disaster management may include fusthgaand management mechanism, responsible
organizations and networks in all level, from cahto village. With such fund and mechanism in pldt

is expected that impacts that would result fromastisrs particularly flood including flash flood ¢dibe
largely minimized while adaptive capacity can bhated.

Watershed or River Basin Management:

The management of the watershed or river basim énsure water supply, both quality and quantibe T
management in this context refers to IntegratedewResources Management. IWRM is perceived as a
comprehensive, participatory planning and implemigon tool for managing and developing water
resources including climate change adaptation. Thasagement associated with applying knowledge

from various disciplines as well as the insightsnirdiverse stakeholders to devise and implement



efficient, equitable and sustainable solutions ttew and development problems. In addition, it also
associates with water allocation and pollutionr&iag is implemented at the scale of the riverrbasi

catchment, institutional arrangements for wateoueses management which for example based on
hydrological boundaries. There are some initiatiresome key river basin in Laos and it is a high
priority of the environment management but due itoitéd resources and capacity including, the
application of these techniques can not cover miest basin and catchment yet. The application IWRM
for the watershed is expected to ensure water ressuand ecosystem conservation, protection of

hydrological process and water supply; which aramsdor climate change adaptation.

Water Supply System:

Water supply as well as access to clean wateiigsitgrof the government. As such water supply sgst
play important roles for ensuring access to cleatenin a sustainable manner. The water supplgsyst
in this context refers to Nampapa and gravity watgplies which include water reservoir, pumpingd an
pipe is its system and management mechanism. Basdtie target of the government, by 2020, 85
percent of Lao people will access to clean watecregase from currently, 77 percent of people have
access to clean water and 54 have access to gawifats (MPI 2011). The low access is resultemrir
number of issues include lack of financial supplatk of regular maintenance of the system, exatusi
of climate change in the design and weak watemrvegeconservation. So prioritization of this water
supply system in TNA is expected to bring aboutriorpment of investment, management mechanism
and water supply system as well as increase atocedean water of Lao people including health and

sanitation improvement.

Chapter 5. Technology prioritization for agricultur e sector

The process and approach of the prioritizationdafpgation technologies for water sector was alsa us
for the prioritization of adaptation technologiew fagriculture sector. Those processes are review o
vulnerability, impact of climate change and idenéfion existing adaptation technologies in the
agriculture sector; initial assessment and seleatiotechnology options; and then prioritizationtbé
technology.

The review of the vulnerability, impact of climatbange and identification existing adaption tecbggl
in the agriculture sector was carried out throuigérdture review of the vulnerability, impact and
identification of technologies that recommendedaqpes, plans and reports such as the First andn8eco

National Communication-FNC and SNC (STEA, 2000; NRt®y 2012), National Adaptation Programme
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of Action (WREA, 2010), Strategy on Climate Chamgethe Lao PDR-SCC (MoNRE, 2010) and
Strategy on Agriculture Development to the year@02 the Lao PDR (MAF, 2011). In addition, the
identification of existing technologies was alsuiséed in the technology prioritization workshadpetail

of the climate change vulnerability, impact andsérg adaptation are as described in section 515gh
respectively.

The initial assessment and selection of the tecigyobptions is an important stage before prioritora

of technology. It included categorization of exigtiand recommended technology by scale of apmicati
and availability while section of the technologytiops was taken by expert judgement. This initial
assessment and selection was initially carriedwith the lead of consultant with consultation and
support from the project management team. In amdithe result of assessment and selection weoe als
validated by stakeholders in the technology piimatton workshop. Detail of the initial assessmand
selection of the technology options are describedhe section 5.3: overview of possible adaptation

option in agriculture sector.

The technology prioritization for agriculture wasircidentally taken place with technology priordtion

in the technology prioritization for water sectarthe workshop technology prioritization held in ya
2012. Number of participants and organizations same number of participants and organizations
engaged technology prioritization for water sedsee Annex 4). In the workshop; multi-criteria and
scoring are used for assessment of the technolptigns and prioritization. Detail of the workshopda

prioritization were as described in Section 5.4héer.

5.1 Climate change vulnerability and impact on thegriculture sector

Although there is limited assessment of the clinci@nge vulnerability and impacts in agriculturetse
impacts caused by changes of climate and its teldisaster is obvious for agriculture sector. As
mentioned, the flood and drought already threatsh @ause loss of yield, paddy field, livestock and
agricultural facilities such as irrigation.

For flooding disaster, in the central and southgairts of Laos was impacted, especially in year 2005

Vientiane was losses amounted to more than 10omiliS$ (UNDP 2009). Furthermore, the areas of

rain-fed rice fields destroyed by flooding were 068,937 ha in 1995, 67,500 ha in 1996, 42,900 in

2000, 42,223 ha in 2001, and 57,300 ha in 20052006 and 2006, paddy rice field irrigation systems

damaged by flooding costed over 5 million USD. tidigion, In addition, SEA START'’s study also
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climate change impact on agriculture with the us€anformal Cubic Atmospheric Model (CCAM) and

Decision Support System for Agro Technology Trars{®SSAT version 4.0) crop modeling software
revealed that 10 percent of productivity would bst in Savanakhet province under CO2 concentration

540 ppm scenarios.

5.2 Existing adaptation technologies of agriculturesector

Number of adaptation technologies in the agriceltsector practiced in the Laos and regions. Those
technologies are particularly identified in theagdgies, plans and reports such as Strategy facuélgre
Development 2011to 2020 (MAF, 2010),National Ad&pta Programme of Action (WREA, 2009),
Strategy on Climate Change of the Lao PDR (WREAQGInd Second National Communication on
Climate Change (MoNRE, 2012).In addition, it alssctibed in the Assessment Report of IPCC-AR4
(IPCC, 2007), TNA Guidebook on Agriculture and Giite Techwikiett However, followings are

summary of key technologies that have been prattoe sound applicable to Laos.

Crop diversification:

Crop diversification in this context includes irdwaction of new cultivated species, improved gesedind
varieties of crops including conservation of seadd crop diversity for diversification. The new esjes

or variety may be imported while the improved ge&seaind varieties are through biotechnological and
genetic process including domestication and breedfrwild or traditional crop species and Non-timbe
forest product. As for the import of new varietf, cause it should be monitored, control based on
particularly the regulations on the import of fawaral flora. Similarly the improvement of the vayief
crop should also follow the regulations on biotebgy. In addition, importantly the crop diversdiion

is to ensure enhancement of both quantity and tguafi productivity, value added and resilience to
diseases, pest and environmental stresses inclfidodyand drought.

In Laos, in overall, this practice is in the initistage of the development. Although there are some
initiatives on demonstration of flood or floatingcadrought tolerant rice variety but the yield fesal
from the technologies is uncertain and or mixedweder, such crop diversification is a priority ahefd
particularly in the agriculture development strgtegMAF, 2010), Notational Socioeconomic
Development Plan (2011-2015, (MPI, 2011) and pedicon food security, commercialization and

* http://climatetechwiki.org/category/service/agtiane
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industrialization of the agriculture sector as wadl climate change adaptation which called forfmrt

development and development through research gratitya development.

Ecological Pest Management or Control:

Ecological Pest Management (EPM) is a natural ntefboincreasing the strengths of natural systems t
reinforce the natural processes of pest regulatiod improve agricultural production. Chemical
pesticides are used only where and when theseahatethods fail to keep pests below damaging l&vels
(Frison et al, 1998; 10).The key components of BMEapproach are crop, soil, pest management and
herbicide application. Crop Management includesdiglg appropriate crops for local climate and soil
conditions while soil Managementrigaintaining soil nutrition and pH levels to provithe best possible
chemical, physical, and biological soil habitat fwops. Pest Managemeunsing beneficial organisms
that behave as parasitoids and predators and hirligca product from pest repelling herbs by eting

the chemical, odder, liquid etc as from herbs asalfar spraying crops.

EPM contributes to climate change adaptation byighog a healthy and balanced ecosystem in which
the vulnerability of plants to pests and diseasedecreased (LEISA, 2007). By promoting a diveadifi
farming system, the practice of EPM builds farmeesilience to potential risks posed by climatengjea
such as damage to crop yields caused by newly émgepgsts and diseases. In addition, with the EPM
approach, farmers can avoid the costs of pesticidegell as the fuel, equipment and labour usegbpdy
them(Pimentel et al, 2005).

Agro-forestry:
Agro-forestry is an integrated production which ¢ames trees, crops and or animals on the sameorea
land. In general it is categorized into three briyaes: agrosilviculture (trees with crops), advipasture
(trees with crops and livestock) and silvopast@iaes with pasture and livestock) systems. Integra
cropping, mixed farming, stratus cropping, terrand hedgerow and contour planting are often mixed o
applied in the agro-forestry system. In Laos, mafsthe practices are in the forms of plantation and
orchards, alley cropping, economical and biologiogbrove fellow, contour hedgerow, home garden,
Taungya system (Hansen K.P, Sodarak, H. 1996).dttiad, there are some practices on tree fence,
pasture and livestock. However, to date, althotwdhcks specific research and confirmation aboat th
agro-forestry and climate change adaptation; bsedaon the research and alike with agro-forestry
practice elsewhere it can be assumed that withoapipte design and substantial management; agro-
forestry can improve the resilience of agricultupabduction to current climate variability as wek
long-term climate change through the use of treesrtensification, diversification and buffering o
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farming systems from extreme climate including floand drought, maintaining improve soil fertility,

retention of water; leading to ensure productiaoigh the years or during wetter and drier years.

Community-managed seeds bank and storage:

Community-managed seeds bank and storage assouidkeshe selection of seeds, building storage
system, storage of seeds, and managed by organisponsible body with the use of saving and
supplying mechanism. Seed security is key resairemsure the quality and quantity of the produrctio
It is of important particularly for poor farmers ideveloping countries (Wambugu et al, 2009).
Availability of quality seeds helps ensure longngoroduction and conservation of diversity. It isoa
immediate needs for household and community pdatiguduring the extreme climate such as flood,
drought; when seeds are needed for recovery gbrtbauction. In Laos, traditionally each farmer stde
and keeps seeds for next production. Moreover, rgitbgnition the needs of the seeds particularthén
changing climate and food insecurity, there arearamtivity and organized systems on seeds keeping.
Those include seeds project, rice bank and prooluctif quality seeds for increase income and
productivity. However, there are some challengesocates with effectiveness and sustainability
especially maintaining and or improvement of thgutar savings schemes, participation of wider
communities including changing the prevailing &Blimentality (Datta, 2009). In addition, there also
financial and technical challenges about storagdudling cleaning, drying and moisture and pest

infestations control.

5.3 An overview of possible adaptation technologyptions in agriculture sector

Although numbers of technologies are availableafteiptation; according to the Strategy for Agriawtu
Development 2011to 2020 (MAF, 2010),National Ad&pta Programme of Actions (WREA, 2009),
Strategy on Climate Change of the Lao PDR (WREAQGInd Second National Communication on
Climate Change (MoNRE, 2012)including consultatiand justification of the stakeholders in the
technology prioritization workshop; the key reconmded adaptation technology options are summarized
in the table 12 below.

Table 12: Adaptation technology options and categ@ation in the agriculture sector

Sub-sector Technology Scale of Availability
application
Crops Crop diversification Small to mediunp Shiertn
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management Pest management or control Small Medium term
Seeds bank and storage Small to mediym  Short term
Integrated cropping system Small to mediumm  Shomite
Floating rice cultivation Small to medium  Shontte
Drought tolerant rice Small to medium Short term
Organic farming Small to medium|  Short term
Non-timber forest product )
management Small to medium | Short term
Greenhouse cropping Small to mediurln Short term
Crops genetic improvement Small to medium  Shomte

_ | Short to medium
Small to mediun

jnt

Livestock disease control

term
Livestock health promotion Medium Short term
Livestock Genetic improvement Small Medium to long tefm
Clean production Medium Short term
Feeds and feeding improvement Medium Short term
Agriculture Improve agricultural subsidy
management mechanism

5.4 Process and criteria for technology prioritizaion in the agriculture sector

The technologies prioritization in the agricultgector was coincidentally conducted with technology
prioritization in the water sector and using thenegprocesses. As mentioned earlier in the Chapter 5
overall process include review of vulnerability amdpact on climate change and identification of
existing adaptation technologies in the agricultseetor, selection or screening of technology @gtio
validation of the technology option and the priadtion. However, as the review of vulnerabilitydan
impact on climate change and existing adaptatichntelogies in the agriculture sector areas already
described in the section 5.1 and 5.2 respectivéig. technology options are also explained in tltice

5.3; so the following description focused on thiédadion of top ten technology options and priatiion

of four priority technologies for climate changeagthtion in the technology prioritization workshop.

The technology prioritization workshop was orgadiza May 2012, which was participated by 37

participants from various organizations (Annex #gTworkshop aims to validate the technology options
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and prioritize four priority adaptation technologjieut of the technology option. To realize thege: p
workshop, the stakeholders were informed abouati@ptation technologies and options as in theasecti
5.2 and 5.3 as well as technologies recommender-MC (STEA, 2000), NAPA (WREA, 2009), SNC
(MoNRE, 2012), Strategy on Agriculture Developm@iAF, 2011) including in the IPCC AR4 (IPCC,
2007) and climate techwiki. During the workshopg tetakeholders discussed on the steps and
methodologies for technology prioritization partamly validation of the technology options, assessm
and prioritization of four technologies with theeusf the multi-criteria, scoring including sensityw

analysis and agreement of the results.

Through the stakeholder consultation and validatien technology options as presented in the TaBle
were selected for further assessment and priditiza

Table 13: Results of the scoring of the adaptatiotechnologies in the agriculture sector

zZ
o

Ten Technology Options

Biogas

Appropriate Water Management for Paddy Field
Promote Use of Adapted and High Production Cattle
Agricultural Soil Carbon Management

Organic Farming

Integrated Farming

Fodders Improvement and Appropriate Feeding/Feptisization

Crop Land Management

O 00| N| O O | W| N|

Land Suitability and Ecosystem Based-Agriculture

(=Y
o

Crops Residual to Energy

The criteria applied in the prioritization of thechnologies are same criteria used for technology
prioritization for forestry sector, as shown in tteble 10, which covers three main areas: cost or
investment, potential for adaption, contributiorststainable development (economic, environmenidl a
social). In addition, prior to the technology pitization, these criteria were weighted as presgim the

figure 4 before.

Similarly, for technology prioritization in the agulture sector; the technologies were scored agire
criteria by stakeholders. The score ranks from 00@; of which 0 is the least preferred while 18@niost

preferred. Under this approach, the technology thidins that highest score is considered as highes
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priority technology and reversely. Through thegess, score of each technology can be summarieed th
table 14 below.
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Table 14: results of the scoring of technology prittization for agriculture sector

Cost/ Adaptation |Environmental Soci ) . .| Total Costs| Total Score| Total Rank
; ) ocial Benefits Economic Benefitg )
Investment Potential  |Benefits of Benefits | Score
. Environmental | Employment| Gender Health, GDP/ SMEs/
Technology Options Negative Impact§y Creation Equity |Educaiton and|Income/[ MSMEs
Reduction Promotion Capacity Yield
Promotion
Climate change oriented 95 90 70 65 60 60 80 60 19 58 77 7
irrigation
Flood prevention and drainage 79 75 70 65 60 0 60 50 16 45 61 9
system
Promote integrated farming 75 80 90 90 70 60 P 9( 15 66
Livestock disease prevention 93 90 75 78 100 80 9 80 19 68 87 1
and control
Crop diversification 95 90 75 70 65 65 85 90 19 63 8} 4
Rural climate resilient 90 100 75 75 60 70 90 90 18 66 84 3
infrastructure development
Agricultural development 100 95 78 60 80 70 80 100 20 65 85 2
subsidy mechanism
Integrated land use planning | - 77 85 70 65 65 65 60 15 56 71 8
and sustainable resettlement
Conservation agriculiure and| 7, 75 100 100 70 65 70 80 14 63 77 6
preservation of agriculture land
Research on (_:Ilmate change 0 0 0 0 0 100 0 0 0 10 10 10
impact on agriculture




5.5 Results of adaptation technology prioritizationin the agriculture sector

Throughout the prioritization process particulathe scoring against criteriaand consultation of the
stakeholders; four technologies which received ésgtscores are selected as priority technologyseed
for climate change adaptation in the agricultutare Those technologies are:

1) Livestock disease prevention and control,

2) Agricultural Development Subsidy Mechanism;

3) Climate Resilient Rural Infrastructure and

4) Crop Diversification.

Livestock disease prevention and control:

Livestock diseases are one of the challenges fagetao farmer and also government. Every year
impacts caused by diseases lead to loses of preitlgctncome, uncertain food security and negative
impacts on human health. The changes of climateaatieipated to exacerbate the situation due to
increasing temperatures can support the expangiorator populations into cooler areas while in the
cooler and temperate region can be risky of diseaSkanges in rainfall pattern can also influence a
expansion of vectors during wetter years and cad te large outbreaks. Improving livestock disease
control including improvement of livestock heal#) therefore, of important for enhancement of adapt
capacity to changing climate and ensuring proditgtiincluding minimization of economic losses,

environmental and human health impacts.

Livestock disease prevention and control includenagement of livestock import and transportation,
monitoring and control of diseases outbreaks, dpiel) and improving antibiotics, vaccines and
diagnostic tools, evaluation of ethnotherapeutitomg, and vector control techniques.. In additibalso

includes improvement of livestock health througled® improvement, vaccination, farming system

management and safety consumption.

Agricultural development subsidy mechanism:

It is the fact that the key obstacle of the dewelept in Laos associates with adequate and effective
subsidy and financial support. To date, the agicalsubsidy and insurance is not yet well-esthbtisor

in sustainable manner in Laos. The production ustianges of climate and its related disaster cdn ad
more risks for farmers and stakeholders. So, agui@ development subsidy mechanism including

insurance against crop loss and market fails iggmaisite for agriculture development of Laos. hiit



this mechanism in place, Laos may not be abledlizeeits policies and targets on agriculture paditun,

development of agricultural based industry procésgmrovement of people livelihood and poverty
reduction timely. The subsidy mechanism for Laostext should include overall agricultural subsidy,
development fund and or easy credits, insurancepfoduction failure not only because of climate
change, flood or drought but also due to failurenafrket and production technology that particularly
beyond farmer's capacity to handle. In additiore #pecific policy, good agriculture and production

management system should be place to ensure effdittancial and credits management.

Climate resilient rural infrastructure:

The agriculture development is beyond dependencdediie land, water, weather and cultivation
technologies. The infrastructure such as irrigatioad, warehouse, transportation, and marketersyist
also critical factor for the development partictyayuality, durable and tolerance to changing ctemand
disaster. This infrastructure is insufficient anmdpoor conditions particularly in the rural aredthdugh
the rural infrastructure is the priority of the gomment due to limited financial resource, the tigument

is slowly going. So if investment is not taken @asufficiently and effectively, agriculture devetoent
and adapting to climate change can be at risk effdotive; lead to loss of production as well as

economics and quality of life of farmers.

Crop Diversification:

The crop diversification is fundamental for agricut development and conservation of biodiversity.
Although it is in the initial stage of developmeas it is a priority defined in the national padisias well
as under this project more investment in this ardhe future is expected in order to ensuringainable
productivity including climate change resiliencelaonservation of biodiversity.
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Chapter 6. Summary and Conclusions

The technology needs assessment for climate chadggtation was basically conducted though
participatory process. The assessment involved twithmain steps; sector selection and prioritizatid
adaptation technology in the selected sectors.KEyeapproach used in the selection and prioritizati
process included literature review, applicationtké multi-criteria, scoring, expert judgement and

sensitivity analysis.

The sector selection which aims to scope or scfeemriority or vulnerable sector was carried out
through review of the climate change vulnerabilitpypact status and trends in different sectordiaini
identification of sectors and prioritization of tkector in the sector selection consultation waorksim
February 2012 and applied multi-criteria, scoringl @&xpert judgement for assessment and decision
respectively.

The technology prioritization workshop which baflicaims to select four priority technologies was
organized in May2012. The workshop followed thgstand methodologies for technology prioritization,
as suggested in the TNA handbook (UNDP and UNFQDX0) particularly technologies identification,
editing technology and categorization, and pripaition of technologies with the use of the critenal

scoring, sensitivity analysis and decision on therjty technologies through stakeholders consigltat

Through the process and approach particularly scatee criteria and expert judgments; two sectod
eight technologies are chosen as priority sectondstachnologies needs for climate change adaptation
respectively. Those sectors are water and agrieutteictor and eight technologies, four technologéh

for water and agriculture sector were summarizefolasvs:

Adaptation technologies for water sector:
Four adaptation technologies for water sector abnef Early Warning System, Disaster Impact

Reduction Fund, Climate Change Oriented Irrigatind Water Supply System.

Early Warning System:
is pre-requisite for flood prevention. It involvedth setting up system weather forecast, modelihg o
discharge, water gauges, information disseminatiools provide the information to society or

community including enhancement of readiness opamexiness and recovery plan for minimizing
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impacts that would be caused by extreme eventdiwuflood. This technology is practiced in Laos
years ago by different stakeholders but it is n@tematically functioned due to shortage of finahci
support, knowledge and skills on the system inclgaiquipments and tools. However it is prioritythod
country as defined on the socioeconomic developmiamt 2011-2015 (MPI, 2011), Strategy on Climate
Change of the Lao PDR (WREA, 2010), National Disasfianagement Master Plan and so son. With
system in place, it is expected that the impactéchvimay result from disasters particularly flood

including flash flood could be minimized; leadingpention property and life of the people from kxss

Disaster Impact Reduction Fund:

To complement to the early warning system, disasmagement fund or impact reduction fund should
be established. Previously fund for recover afisasters were insufficient due to mobilization ofd
was on the ad hoc basis and lacked of mechanisdinig expansion of impacts and or chronic. So a
specific and ready fund is needed for increaseceffmess of the prevention and handling with such
disaster in timely manner. The disaster fund mamage should include fund raising and management
mechanism, responsible organizations and netwaorledl ilevel, from central to village. With such fiin
and mechanism in place, it is expected that imptoets would result from disasters particularly fiioo

including flash flood could be largely minimized iehadaptive capacity can be enhanced.

River Basin or Watershed Management:

The river basin or watershed is of significance &mvironment and socioeconomic development
including climate change adaptation. To sustaintewaesource and ensure environment and
socioeconomic development, practical tools shoddrbplace. Recently, Integrated Water Resources
Management (IWRM) which embedded participatory méghes and multi-disciplinary is developed and
perceived as a key tool for realize such sustdlibalincluding climate change adaptation. Similarly
strategy on water resources management of Laosdalffioed to apply IWRM for all river basin and
watershed management. To now, there are sometiirégaon the application of IWRM particularly for
Nam Ngum and Nam Theun-Kading river basin. In addjtby 2015, at least 5 river basins such as
Sebangfai, Sebanghieng, Sekong, Sedone and Namll@aewitompleted its IWRM and management
committee. So prioritization of this technology meaupport implementation of water resources policy
including food and nutrition security, pervert retlan, environmental, renewable energy development,

climate change mitigation and adaptation.

Water Supply System:
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The water supply system means set of water reseawmol supply system such as Nampapa and gravity
water supplies including water use group and mamagé mechanism. Currently, only 77 percent of
people have access to clean water and 54 havesaoceanitary toilets (MPI 2011), so to realizeyéds
defined in the MDG, Laos needs more investmentimdrea and design the system in the climate &hang
context. So prioritization of this water supply ®m in TNA is expected to enhance investment,
management mechanism and water supply system hasniaetrease access to clean water of Lao people

including health and sanitation improvement.

Adaptation technologies for agriculture sector:
Throughout the prioritization process particulathe scoring against criteriaand consultation of the
stakeholders; four technologies which received ésgtscores are selected as priority technologyseed
for climate change adaptation in the agricultuetare Those technologies are:

5) Livestock disease prevention and control;

6) Agricultural Development Subsidy Mechanism;

7) Climate Resilient Rural Infrastructure and

8) Crop Diversification.

Livestock disease prevention and control:

Livestock is one of foundation of socioeconomic &imdlihood of farmers. Recently diseases outbreak
becomes one of the challenges for Lao farmer asd gbvernment. Every year impacts caused by
diseases lead to loses of productivity, incomegeaamn food security and negative impacts on human
health. The changes of climate are anticipateckézearbate the situation due to increasing tempeastu
can support the expansion of vector populatiornséobler areas while in the cooler and temperagione
can be risky of diseases. Therefore, livestockadisgrevention and control which covers manageofent
livestock import and transportation, monitoring aodntrol of diseases outbreaks, developing and
improving antibiotics, vaccines and diagnostic $o@valuation of ethnotherapeutic options, andorect
control techniques including improvement of livestohealth are of important for enhancement of
adaptive capacity to changing climate and ensupirggluctivity including minimization of economic
losses, environmental and human health impacts.

Agricultural development subsidy mechanism:

It is the fact that the key obstacle of the dewelept in Laos associates with adequate and effective
subsidy and financial support. To date, the agicalsubsidy and insurance is not yet well-esthbtisor

in sustainable manner in Laos. The production untlanges of climate and its related disaster dan a
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more risks for farmers and stakeholders. So, agui@ development subsidy mechanism including
insurance against crop loss and market fails isrguaisite for agriculture development of Laos. The
subsidy mechanism in this context include agricaltsubsidy, development fund and or easy credits,
insurance for production failure not only becau$elonate change, flood or drought but also due to
failure of market and production technology thatipalarly beyond farmer’s capacity to handle. Vit
this mechanism in place, Laos may not be abledlizeeits policies and targets on agriculture pditun,
development of agricultural based industry procésgmrovement of people livelihood and poverty

reduction timely.

Climate resilient rural infrastructure:

The agriculture development is beyond dependencdediie land, water, weather and cultivation
technologies. The infrastructure such as irrigatioad, warehouse, transportation, and marketsrayst
also critical factor for the development partictyayuality, durable and tolerance to changing ctemand
disaster. This infrastructure is insufficient anmdpoor conditions particularly in the rural aredthdugh
the rural infrastructure is the priority of the gomment due to limited financial resource, the tigument

is slowly going. So if investment is not taken @asufficiently and effectively, agriculture devetoent
and adapting to climate change can be at risk effdative; lead to loss of production as well as

economics and quality of life of farmers.

Crop Diversification:

The crop diversification is fundamental for agricut development and conservation of biodiversity.
Despite it is in the initial stage of developmentlamumbers of efforts are needed to research, ojeasid
deploy such technology in order to effectively cimttion to sustainable productivity including che

change resilience and conservation of biodiversity.
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Annexes

Annex 1: List of key stakeholders involved in the NA process

General
Name Organization/Institution Type of
organization/institution
Mr. XayavethVixa) Department of National Disast Governmer
Management and Climate Change
(DNDMCC), MoNRE
Mr. SyamphoneSengchand DNDMCC, MoNRE Governmer
Mr. Mr. Immalalnthaboual DNDMCC, MoNRE Governmer
Mr. BountheeSaythongva DNDMCC, MoNRE Governmer
Mr. BuathongTheothavol DNDMCC, MoNRE Governmer
Mr. KhampadithKhammounhue  Department of Environment Promotic Governmen
Ms. ChandaSouliya MoNRE
Ms. Simounth Department of Water Resources, MoN Governmer
Mr. SackdaPhixayavot Department of Water Resources, MoN Governmer
Mr. KeoKorakott Department of Forest Resourt Governmer
Management, MONRE
Mr. ThongsaySihala Department of Land Manageme Governmer
MoNRE
Ms. Chansouk Si Oudor Department of Meteorology ar Governmer

Ms. DalounyVilaython

Ms. NguenmanyKhamphour
Mr. LaeManivon
Ms.PhonguenPhosal:

Mr. PhimphacksomphanPhalakh

Mr. SyammoneSisongkh:

Mr. PhousithPhoumavol

Hydrology, MONRE

Natural Resources and Environm
Research Institute, MONRE
Natural Resources and Environn
Research Institute, MONRE
Department of agriculture, MA
Department of agriculture, MA
Department of Livestock and Fishe
MAF

Department of Irrigation, MAI

Department of Agriculture and Fores

Research Institute

Research Institute

Governmer
Governmer

Governmen

Governmer

Governmer
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Mr.KhamphoneMounlam
Mr. SomesoukSomect
Mr. SomesoukSomect
Mr. KhamsenOunkha

Ms. SouthchaiPhilavor
Mr. SithongThongmanivor
Mr. SivangXayavon

Mr. ViengsoukSanapa
Dr. Simone Nampan

Ms. BounthanomePhimmasc

Mr. XaythavoneSihana

Mr.Phouthasomelnthavo

Mr, HoumphanPhaduangdae

Mr. LamkhaXayasar

Mr. Phouthasomelnthavo

Ms. LathsamySouthammavc

Mr. SengchanPhaxayase

Mr. BounchanDouangvilay

Mr. HoumphengTheuadbouni

Mr. Viengsavan

Extension Services, M£
National Agriculture and Forest Research Institut
Research Institute (NAFRI), MAF
National Agriculture and Forest
Research Institute (NAFRI), MAF
National Agriculture and Forest

Research Institute (NAFRI), MAF

Research Institut

Research Institut

Department of Forestry, M/ Governmen
Department of Forestry, M/ Governmen
Faculty of Forestry, NUc Academic

Department of Energy Management, M Governmer

Department ofEnergy Management, Mt Governmer
Center for Malaria Control, MF Governmer
Center for Water Sanitation and Hygie Governmer
MPH

Department oTransport, MPW Governmer
Department of Urban Planning a Governmer
Housing, MPWT

Public Work and Transport Resea
Institute, MPWT

Public Work and TranspcResearcl
Institute, MPWT

Public Work and Transport Resea
Institute, MPWT

Faculty of Environment Science, NU

Research Institut

Research Institut

Research Institut

Academic
Department of Technology and InnovatiGovernmer
MST

Department of Technology and InnovatiGovernmer
MST

Renewable Energy Research i Research Institut
Development Center, MST

National Economic Research Instit Research Institu

62



Ms. KhamnangKhounphak

Mr. KeophaseurthChanthaphi

Mr. PhiengsavanhThammas

Mr.PhetmixayKasermsol

Mr. RubenitoLampaye

Ms. PanyVanmanivor

Ms. TitaroseVijitpal

Ms. ParichatBorkha

Ms. KhamphonelLueangva

Mr. Uwe Singe

Mr. Chansom

(NERI), MP
National Economic Research Institi
(NERYI), MPI

Department of International Persor
MoFA

Department of International Finant
MoFA

Department of Industry Process, N
IRRI

IRRI
MRC
MRC
MRC
IUCN
UNDP
WB

Research Institu

Governmet

Governmer

Governmer

International Organizatic

InternationaOrganizatiol
International Organizatic
International Organizatic
International Organizatic
International Organizatic
International Organizatic

International Organizatic
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Annex 2: the priority adaptation projects in the NAPA

No. | Sector Priority Projects
1 Agriculture Priority One:
1) Strengthen the capacity and knowledge of the Nati@isaster
Management Committee (NDMC)
2) Promote secondary occupations and livelihood ahéas affectec
by disasters influenced by climate change
Priority Two:
3) Improve land use planning in hazard-prone andctdtkareas
4) Promote short-duration paddy and other cash cropsaitural
hazard-prone areas.
5) Strengthen technical capacities of local agricaltuofficers in
natural hazard-prone areas
6) Improve and develop crop varieties and animal gsethat are
better adapted to natural hazard-prone areas
7) Improve and construct crop and animal disease #bdes at
central and local levels and build related capaafitiechnical staff
8) Train farmers on the processing and storing of huarad anima
food stuffs
9) Establish and strengthen farmers groups in natuaabrd prone
areas
10) Promote soil improvement using locally availablgaoric fertilizer
and existing agricultural waste
11)Develop appropriate bank erosion protection systefos
agricultural land in flood prone areas
12) Promote integrated pest management (IPM) and usbedfal
medicines in pest management and livestock treatmen
13) Develop the capacity of technical staff in orgaieitilizer research
2 Forestry Priority One:

1) Continue the slash-and-burn eradication programmdepgrmanent
job creation programme

2) Strengthen capacities of village forestry volunteen forest
planting, caring and management techniques, asasefhe use of
village forests

Priority Two:

3) Carry out surveys and identify and develop forests suitable fof
supporting seed production

4) Promote and establish tree nurseries to providéngapto areas at
high risk from flooding or drought

5) Raise public awareness on wildlife conservation &orést fire
prevention

6) Set up and further strengthen technical capacitfeforest fire
management teams at provincial, district and \@lbayels
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7) Develop public awareness campaigns to disseminfdgmation or
forest and wildlife regulations and laws, and ggteen
implementation of these regulations

8) Develop agro-forestry systems for watershed priate@nd erosior
reduction in steep areas

9) Develop small reservoirs in upland areas in ordgurbvide water
for wildlife/aquatic animals and plants during tiny season

10) Develop a public awareness campaign on pest andasés
outbreaks in wildlife caused by natural disasters,well as or
associated preventive measures

11) Develop an extension campaign on integrated fopdsmtation
management for crop pest and disease control

12) Conduct research and select seeds of plant speuitble for
flood- and drought-prone areas

13) Construct bush fire barriers/forest fire protectiouffer zones in
forest conservation areas

14) Build research capacity on wildlife pests/diseamad outbreaks
animal diseases O"
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Water and | Priority One:
water 1) Raise awareness on water and water resource maeagem
resources 2) Map flood-prone areas
3) Establish an early warning system for flood-promeaa, and
improve and expand meteorology and hydrology neksvaand
weather monitoring systems
4) Strengthen institutional and human resource cdpacitlated tc
water and water resource management
5) Survey underground water sources in drought-prosasa
6) Study, design and build multi-use reservoirs irugtd-prone areas
Priority Two:
7) Conserve and develop major watersheds
8) Build and improve flood protection barriers to it existing
irrigation systems
9) Improve and protect navigation channels and naicigaigns
10) Repair/rehabilitate infrastructure and utilitiesyadayed by floods ir
agricultural areas
Public health | Priority One:

1) Improve systems for the sustainable use of drinkiveger and
sanitation, with community participation, in flooénd drought-
prone areas

2) Improve knowledge and skills of engineers who desigd build
water and sanitation systems

Priority Two:

3) Raise public awareness on sanitation in flood-pareas

4) Improve and standardize the quality of drinkingeavat

5) Expand epidemic disease diagnostic laboratoriesegibnal and
provincial levels, to provide disease epidemic linfation in a
timely fashion to flood- and drought-affected areas

6) Improve prevention and treatment of water-borneaties

7) Develop a timely and accurate reporting system dprdemic
diseases

8) Improve the capacity of the epidemic disease sllaweie system
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Annex 3: List of key stakeholders involved in theriception and sector selection workshop

Name Organization/Institution Type of

organization/

institution

1 Mr. KhampadithKhammounhueng Department of Envitent Promotion, MONRE Government

2 Mr. SyamphoneSengchandala Department of Diskiangement and Climate Government
Change

3 Mr. Immala Inthaboualy Department of Disaster kigament and Climate Government
Change, MoNRE

4 Mr. BountheeSaythongvanh Department of Disast@nddement and Climate Government
Change, MoNRE

5 Mr. VanthonePhonnasan Department of Disaster Bmant and Climate Government
Change, MONRE

6 Ms. ChindalakVilanon Department of Disaster Maragnt and Climate Government
Change, MoNRE

7 Ms. ThounheuangBuiyavong Department of Disastendgiement and Climate Government
Change, MoNRE

8 Ms. Simountha Department of Water Resources, MONR Government

9 Ms. DalounyVilaythong Natural Resources and Eonwinent Research InstituteResearch
MoNRE Institutes

10 Mr. LaeManivong Department of agriculture, MAF @owment

11 Mr.KhamphoneMounlamai National Agriculture and Firg Research Institute Research
(NAFRI), MAF Institute

12 Mr.BounmanhKeomolakoth National Agriculture and Forestry Research Ingtitut Research
(NAFRI), MAF Institute

13 Mr. KhamsenOunkham Department of Forestry, MAF Gonent

14 Mr.KaisonePhengsopha Faculty of Forestry NoUL Acaide

15 Mr. SivangXayavong Department of Energy Managema&fEM Government

16 Mr. XaythavoneSihanath Department of Transport, MPW Government

17 Mr.Phouthasomelnthavong Department of Urban Plapaimd Housing, MPWT Government

18 Mr, HoumphanPhaduangdeth Public Work and Transport Research Institute, MPWResearch

Institute
19 Mr. BounchanDouangvilay Department of Technologg &movation, MST Government
20 Mr. PhiengsavanhThammasith Department of Internati€ooperation, MPI Government
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21 Mr. Viengsavanh

22 Mr. KeophaseurthChanthaphime
23 Ms. Keophouthonelnthavong

24 Mr.PhetmixayKasermsouk

25 Mr. RubenitoLampayan

26 Ms. PanyVanmanivong

27 Ms. TitaroseVijitpan

28 Ms. ParichatBorkham

29 Mr. Uwe Singer

National Economic Research Institute (NERI), MPI

Department of Intevnat Personal, MoFA
Department of Internatidtinance, MoF
Department of Industry Psec#1IC
IRRI
IRRI

MRC

MRC

IUCN

search

Institute

Government

Government

Government

International
Organization
International
organization
International
Organization
International
Organization
International

Organization

30 Ms. SomesanithMounphoxay Second National CommunitdENC) Project Project
(MoNRE/UNDP)

31 Mr. SomesavanhSivilay Second National Communicat8MC) Project Project
(MoNRE/UNDP)

32 Mr. Chansome wWB International

Organization

33 Ms. DouangchaiSichanthavong LBD Private

34 Mr. OudoneTamixay Faculty of Environment ScienceL Academic

35 Ms. VathsudaNilathxai Faculty of Environment SciendUOL Academic

36 Mr. MoneNouansyvong Consultant, TNA project Project

\Adaptation Work Group §

TName T T T Organizatoninstitution  Typeof |

organization/

institution

1 Mr. SyamphoneSengchandala

2 Mr. Immala Inthaboualy

3 Mr. BountheeSaythongvanh

Department of Diskkteagement and Climate Government

Change , MONRE

Department of Disaster sigament and Climate Government

Change , MONRE

Department of Disas@nddement and Climate Government

Change , MONRE
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4 Ms. ThounheuangBuiyavong
5 Mr.KhamphoneMounlamai

6 Mr. KhamsenOunkham

7 Mr. SivangXayavong

8 Mr. XaythavoneSihanath

9 Mr.Phouthasomelnthavong
10 Mr, HoumphanPhaduangdeth

11 Mr. BounchanDouangvilay
12 Mr.PhetmixayKasermsouk
13 Mr. Uwe Singer

14 Mr. Chansome

15 Mr. MoneNouansyvong

16 Mr. SomesavanhSivilay

Department of Disastendgiement and Climate Government
Change , MONRE

National Agriculture andésiry Research InstitutResearch Institute
(NAFRI), MAF

Department of Forestry, MAF vé&oment
Department of Energy Managem&tEM Government
Department of TranspoRVT Government

Department of Urban Rtgnand Housing, MPWTGovernment
Public Work and Transport Research Institute, Research Institute
MPWT

Department of Technologg amovation, MST Government

Department of Industry Psec#1IC Government

IUCN International
Organization
WB International
Organization
Consultant, TNA project Project
Second National Communicat8C) Project Project
(MoNRE/UNDP)

17 Mr. OudoneTamixay Faculty of Environmental SciendgoL Academic
18 Ms. VathsudaNilathxai Faculty of Environmental $aie, NUoL Academic
Adaptation Work Group
TName 777 Organizationinstitution Typeof |

1 Mr. KhampadithKhammounhueng

2 Mr. VanthonePhonnasan

3 Ms. ChindalakVilanon

4 Ms. Simountha
5 Ms. DalounyVilaythong

6 Mr. LaeManivong

7 Mr.BounmanhKeomolakoth

organization/
institution
Department of Envitent Promotion, MONRE Government
Department of Disaster fmant and Climat&overnment
Change , MONRE
Department of Disaster Mamagnt and Climat&overnment
Change , MONRE
Department of Water Resources, MONR Government
Natural Resources and Eonvinent Research Research Institutes
Institute, MONRE
Department of agriculture, MAF overnment
National Agriculture and Forestry Research Research Institute
Institute (NAFRI), MAF
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8 Mr.
9 Mr.
10 Mr.

11 Mr.

12 Ms.

13 Mr.

14 Ms.

15 Ms.

16 Ms.

17 Ms.

18 Ms.

KaisonePhengsopha
PhiengsavanhThammasith

Viengsavanh
KeophaseurthChanthaphime
Keophouthonelnthavong
RubenitoLampayan
PanyVanmanivong
TitaroseVijitpan
ParichatBorkham

SomesanithMounphoxay

DouangchaiSichanthavong

Faculty of Forestry NoUL

Department of Intenat Cooperation, MPI

dsraic

Government

National Economic Research Institute (NERI),Research Institute

MPI
Department of Inteynat Personal, MoFA
Department of Internaidtinance, MoF
IRRI

MRC

Government
Government
International

Organization

International

Organization

Second National CommunitdENC) Project Project

(MONRE/UNDP)
LBD

Private

Annex 4: List of key stakeholders involved in theg¢chnology prioritization workshop

No Name Organization/Institution Type of
organization/
institution
1 Mr. XayavethVixay Department of Disaster Managetand Climate Government
2 Mr. SyamphoneSengchandala Change, MONRE
3 Mr. BountheeSaythongvanh Department of Disas@nddement and Climate  Government
Change, MoNRE

4 Mr. VanthonePhonnasan Department of Disaster Bmant and Climate ~ Government
Change, MONRE

5 Ms. MonxamSothipmany Department of Disaster Manzgnt and Climate =~ Government
Change, MoNRE

6 Ms. ChindalakVilanon Department of Disaster Maragnt and Climate Government
Change, MoNRE

7 Ms. ThounheuangBuiyavong Department of Disastendgement and Climate  Government

8 Mr.
9 Ms
10 Mr.

KeoKorakoth
. ChandaSouliya
SackdaPhixayavong

Change, MONRE

Department of Forest Resourcesdgement, MoNREovernment

Department of Environment PtaompMoNRE
Department of Water RessyiMoNRE

Government

Government
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11
12
13
14
15
16

17

18
19
20
21
22
23
24
25
26
27
28
29
30

Mr. ThongsaySihalath
Ms. Chansouk Si Oudome

Department of Land ManagenioNRE Government
Department of Meteorotogl/Hydrology, MONRE  Government

Mr. PhimphacksomphanPhalakhdepartment of Livestock and Fishery, MAF Governinen
Ms. PhouNguenPhosalath Department of AgricultuieF Government
Mr. SyammoneSisongkham Department of IrrigatAF Government

Mr. PhousithPhoumavong

Mr. SouksomeSomechai

Mr. SithongThongmanivong
Mr.KaisonePhengsopha

Mr. ViengsoukSanapanya

Mr. SengchanPhasaiyaseng
Mr. HoumphengTheuatbounmy
Mr. Phouthasomelnthavong
Mr. LamkhaXayasan

Ms. VilaykhamLathsaad

Dr. Simone Nampanya

Mr. LatsamyInthavongsa

Ms. BounthanomePhimmasone

Ms. LathsamySouthammavong

Department of Agricultamd Forestry Extension  Government
Services, MAF
National Agriculture and Forestry Research Ingtitut Research Institute
(NAFRI), MAF

Faculty of Agriculture, NUoL Academic
Faculty of Forestry, U Academic
Faculty of Forestry NoUL adamic
Department of Energy dament, MEM Government
Department of Techynalud Innovation, MST Government
Renewable Researtitutas MST Research Institute
Department of UrbanHousing, MPWT Government
Public Work and Transport Begelnstitute, MPWT Research Institute
National Disaster Managan@dfice, MSWF Government
Center for Malaria Contvti?H Academic

Department of Water &éinit and Hygiene, MPH Government
Center for Water &amitand Hygiene, MPH Government

Faculty of Environnsa¢nce, NUoL Academic

31 Mr. HoumphengTheuadbounmy Renewable Energy Resaad Development CenteResearch Institute
MST

32 Ms. KhamnangKhounphakdy National Economic Retebstitute, MPI Research Institute

33 Mr. PhiengsavanhThammasith Department of Intemal Finance, MoFA Government

34 KhamphonelLueangvanh MRC International
Organization

35 Mr. MoneNouansyvong Consultant, TNA project

36 Ms. LathsoudaVilathxai Faculty of Environmente®ce, NUOL Academic

37 Ms. LathdavoneBuaphaseut Faculty of EnvironnSaignce, NUOL Academic

38 Mr. OudonTavamixai Faculty of Environment ScigndUOL Academic

Agriculture Sector

Name Organization/Institution Type of organization/institution
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1 Mr. SyamphoneSengchandala Department of Diskkiaagement and Climate Government
Change, MoNRE

2 Ms. MonxamSothipmany Government

3 Ms. ThounheuangBuiyavong

4 Ms. ChandaSouliya Department of Environment Pt@mpMoNRE Government

5 Mr. PhimphacksomphanPhalakhone Department ofstdak and Fishery, MAF Government

6 Ms. PhouNguenPhosalath Department of AgricultMi&F Government

7 Mr. PhousithPhoumavong Department of Agricultame Forestry Extension Government
Services, MAF

8 Mr. SouksomeSomechai National Agriculture and Forestry Research IngtitlResearch Institute
(NAFRI), MAF

9 Faculty of Agriculture, NUoL Academic

10 Ms. LathsamySouthammavong Faculty of EnvironnSamence, NUoL Academic

11 Mr. MoneNouansyvong Consultant, TNA project Bréey

12 Ms. LathdavoneBuaphaseut Faculty of EnvironméblipL Academic

Forestry Sector

Name Organization/Institution Type of organizationinstitution

1 Mr. XayavethVixay Department of Disaster Managetand Climate  Government

2 Mr. BountheeSaythongvanh Change, MONRE

3 Ms. ChindalakVilanon Government

4 Mr. KeoKorakoth Department of Forest Resourcesdgament, Government
MoNRE

5 Mr. ThongsaySihalath Department of Land ManagenidoaNRE Government

6 Mr. SithongThongmanivong Faculty of Forestry, NUo Academic

7 Mr. ViengsoukSanapanya Department of Energy Memant, MEM Government

8 Mr. SengchanPhasaiyaseng Department of Technalogynnovation, MST Government

9 Mr. HoumphengTheuatbounmy Renewable ResearditubestMST Research Institute

10 Mr. HoumphengTheuadbounmy Renewable Energy Reésaad Development Research Institute
Center, MST

11 Mr. OQudonTavamixai Faculty of Environment, NUoL Academic

Water Sector

Name Organization/Institution Type of organization/institution

1 Mr. VanthonePhonnasan Department of Disaster fiemant and Climate Government
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Change, MONRE

2 Mr. SackdaPhixayavong Department of Water RessIfidoNRE Government

3 Ms. Chansouk Si Oudome Department of Meteorotogy Hydrology, MONRE ~ Government

4 Mr. SyammoneSisongkham Department of IrrigatidAF Government

5 Mr.KaisonePhengsopha Faculty of Forestry NoUL dscaic

6 Mr. Phouthasomelnthavong Department of UrbanHmasing, MPWT Government

7 Mr. LamkhaXayasan Public Work and Transport Retemstitute, MPWT  Research Institute

8 Ms. VilaykhamLathsaad National Disaster Managen@dfice, MSWF Government

9 Dr. Simone Nampanya Center for Malaria ContrdbHi Government

10 Mr. Latsamylnthavongsa Department of Water &#ioit and Hygiene, MPH Government

11 Ms. BounthanomePhimmasone  Center for Water &amitand Hygiene, MPH Government

12 Ms. KhamnangKhounphakdy National Economic Retebstitute, MPI Research Institute

13 Mr. PhiengsavanhThammasith Department of Intemnal Finance, MoFA Government

14 KhamphoneLueangvanh MRC International
Organization

15 Ms. LathsoudaVilathxai Faculty of Environment)JoL Academic
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Annex 5: Sensitivity analysis of the criteria and sore of technologies

Agriculture Sector:

Technology Climate change oriented irrigation

Technology . Flood prevention and drainage system

Technology Promote integrated farming

Technology Livestock disease prevention and control

Technology ! Crop diversification

Technology ! Rural climate resilient infrastructure development
Technology Agricultural development subsidy mechanism
Technology Integrated land use planning and sustainable leseht
Technology Conservation agriculture and preservation of agticel land
Technology 1 Research on climate change impact on agriculture

-15%

-10%

Sensitivity analysis - Technology ranking
Criteria: <Cost/ Investment>

10% 15%

Technology option 7
Technology option -
Technology option 5
Technology option 4<
Technology option 6
Technology option 2+
Technology option 3«
Technology option 8

Technology option 9

© 0

10

Technology option 7
# Technology option 1
Technology option 5
X Technology option 4
Technology option 6
® Technology option 2
4 Technology option 3

Technology option 8

Technology option 9
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Sensitivity analysis - Technology ranking
Criteria: <Adaptation Potential>

-15% -10% -5% 0% 5% 10% 15%
1 G I 1 1 J
Technology option @ = = = = = = = = $--—-=-==-- ¥ + ““““ ¢ -——---=-=- ® Technology option 6
Technology option 7 2 Technology option 7
Technology option ¥ = = ===~~~ ¥oooomm T S il # Technology option 1
Technology option 4 41 Technology option 4
Technology option 5 5 1 Technology option 5
e G -—------_ * - -
Technology option 3= ==~~~ 7 Lo TTTTs 4 Technology option 3
Technology option 8 8 l Technology option 8
Technology option Z - 9 - - 2 Technology option 2
Technology option 9 10 Technology option 9
Sensitivity analysis - Technology ranking
Criteria: <Environmental Negative Impacts Reductin>
-15% -10% -5% 0% 5% 10% 15%
L L L 0 i 1 1 )
Technology option 9 1 Technology option 9
Technology option 3« = = = = = = = =~ h-=-=-=-=-" 2k I i A Technology option 3
Technology option 8 3 | Technology option 8
4
Technology option 7 Technology option 7
P et - - -
Technology option4+ ===~-~-=--~~~ | = 7777 =-=- % Technology option 4
Technology option 5 Technology option 5
Technology option 6 Technology option 6
————— L e e
—————— B--" --_.'—--—-_ .
Technology option ® = =~ 9 ~ = —® Technology option 1
Technology option 2 10 Technology option 2
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Sensitivity analysis - Technology ranking
Criteria: <Employment Creation>

-15% -10% -5% 0% 5% 10% 15%
L 1 1 G I 1
Technology option 9 1 Technology option 9
Technology option4< — = ==~~~ ~ oo T T TTT Co o i X Technology option 4
Technology option 3= = ===~~~ ~ k-=--777" Fr---- e A Technology option 3
P 4o - -~ -
Technology option®- — — =~~~ 7 7 ¢ & ® Technology option 6
% 55 "
Technology option 5¢ 6 * * Technology option 5
Technology option 8 Technology option 8
R B---""77 re--- .- .
Technology option ® = =~ 8 ~ = = —=H® Technology option 1
Technology option 2 9 Technology option 2
Technology option 7 10 Technology option 7
Sensitivity analysis - Technology ranking
Criteria: <Gender Equity Promotion>
-15% -10% -5% 0% 5% 10% 15%
L 1 1 G Il 1 1 J
Technology option 4« = = = = = = = = o 1 % ““““““ ol it X Technology option 4
Technology option 7 2 J Technology option 7
Technology option 3= = 8 = 4 Technology option 3
Technology option 9 41 Technology option 9
% 53 «
Technology option 5* : % Technology option 5
Technology option 8 61 Technology option 8
————— T8 = = - < _
e m == & == T )
Technology option T8 = = 8 - = = =B Technology option 1
Technology option 2 9 - Technology option 2
Technology option 6 10 Technology option 6
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Sensitivity analysis - Technology ranking
Criteria: <Health, Educaiton and Capacity Promotion>

-15% -10% -5% 0% 5%

10% 15%

Technology option 10 1

Technology option 4« — = = = = = = =

Technology option 6% o ) @
Technology option 7 4

53¢ .
Technology option 5%

6 4
Technology option 8

7 4

Technology option 9

..__-____
eemmm- - ___

Technology option 10
X Technology option 4

@ Technology option 6

Technology option 7

¢ Technology option 5
Technology option 8
Technology option 9

Technology option 1# 9 - & Technology option 1
Technology option 3 108 - Technology option 3
Sensitivity analysis - Technology ranking
Criteria: <GDP/Incomel/Yield >
-15% -10% -5% 0% 5% 10% 15%
Technology option 3% = = = = = = = = E=-=-===" ¥ -—-=--=-=-=-- o= -- & Technology option 3
Technology option 4 2 Technology option 4
Technology option 6 3 Technology option 6
. _——— e = ———— T = b ——--——a_ W - = .
Technology option 5+ = = =-~-~-~-~~~ | =7 77777 === X Technology option 5
N 5 ¢ -
Technology option 1¢ v . v ¢ Technology option 1
Technology option 7 Technology option 7
7
Technology option 9 8 ’ Technology option 9
Technology option 8 - 9+ —_——— Technology option 8
-~ "" | T T==- -
Technology option 2& = = ~ ~ 10 ~ = == Technology option 2
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Sensitivity analysis - Technology ranking
Criteria: <SMEs/MSMEs>

-15% -10% -5% 0% 5% 10% 15%

L 1 o 1 y

q

Technology option 7 ‘ Technology option 7

Technology option 3% = & & Technology option 3

Technology option 5 Technology option 5

Technology option 6 Technology option 6

Technology option 4« * Technology option 4

Technology option 9 Technology option 9

Technology option 1¢
Technology option 8

¢ Technology option 1

0 N o g b~ Wy R

Technology option 8

Technology option 2= 10 Technology option 2

Water Sector:

Technology Flood risk mappin

Technology Early warning

Technology Multi-purpose reservoir and water stori
Technology - Optimal water supply syste

Technology ! Disaster impacreduction funi

Technology Climate change oriented irrigati
Technology Effective water sources and basin manage
Technology Flood and drought operation cel
Technology Groundwater manageme

Technology 1 Hydrological monitorin
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Sensitivity analysis - Technology ranking
Criteria: <Cost/Investment>

-15% -10% -5% 0% 5% 10% 15%

Technology option 5% = = = = = = = = o =—————-- tp-mmm - e X Technology option 5

Technology option 4% ¥ Technology option 4
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Technology option 10 10 Technology option 10
Sensitivity analysis - Technology ranking
Criteria: <Adaptation Potential>
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== - T Ac - _ )
Technology option 3« = = 8 ———— T A Technology option 3
R A >~ - __
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Technology option 9 10 Technology option 9
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Sensitivity analysis - Technology ranking
Criteria: <Environmental Negative Impacts Reductian>
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Technology option 1# * Z¥ * # Technology option 1
Technology option 5 3 Technology option 5
Technology option 7 4 Technology option 7
o 5 ¥
Technology option 4+ . * Technology option 4
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Sensitivity analysis - Technology ranking
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Sensitivity analysis - Technology ranking
Criteria: <Gender Equity Promotion>
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Sensitivity analysis - Technology ranking

Criteria: <Health, Educaiton and Capacity Promotion>
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Sensitivity analysis - Technology ranking
Criteria: <GDP/ Income/ Yield >
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Sensitivity analysis - Technology ranking
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Annex 6: Technology Factsheets for selected techngies

Annex 7: Picture of the workshops
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