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FORWARD

Sri Lanka being an island nation subjected to tropical climatic influences is highly vulnerable to climate
change impacts. We are already experiencing significant climatic imbalances manifested through
increasing average temperatures, drastic variations "1 rainfall patterns and extreme climatic events such
as heavy rainstorms, flash floods, and extended droughts and weather related natural disasters in
various forms and severity. These extreme and sometimes unseasonal events affect not only the human

lives and properties but also have long term impacts on the ecosystems as well.

Mahinda Chinthana Vi si on f or t he Future |, the Government

Policy Framework assigns a very high priority to the management of the environment and the natural
resources sector including addressing climate change impacts. | n keeping with the
vision on tackling climate change i mpact s, t he

identifies the paramount need of undertaking appropriate actions for climate change adaptation in order
to build resilience of the country to face the adverse impacts of climate change. The NCCP emphasizes
the importance of exploring technologies and best practices already available in the country and globally,
and select nationally appropriate innovative technologies, disseminating, and implementation to the

extent possible with sound monitoring mechanisms.

The Government and my Ministry in particular recognizes that the Technology Needs Assessment (TNA)
Project implemented in collaboration with Global Environment Facility (GEF), United Nations
Environment Programme (UNEP), UNEP-Risoe Center (URC) and the Asian Institute for Technology
(AIT),as the first comprehensive national exercise undertaken towards addressing our climate change
concerns. Thus, the TNA Report provides an assessment of the priority technology requirements and
action plans for climate change adaptation activities in food, water, coastal, health and biodiversity
sectors. | am convinced that this exercise has been a nationally driven process involving local expertise

and knowledge supplemented by international experiences.

In ful fill ment of t he Gover nment prgpriate inatiomal acomamfort me n t

tackling climate change related issues and also collaborative obligations to the international community in

this context, | have great pleasure in presenting the Sr i Lanka s Na fTéeclinalagy Ne®Rle por t

Assessment and Technology Action Plans for Climate Change Adaptation to the policy makers, potential
investors, technology developers, scientists and all other stakeholders who are actively participating in
sustainable development efforts of the country. | also recommend this report for consideration and
emulation of the world community and invite them to be partners in achieving our economic,

environmental and social development goals.

{ Ao —

Susil Premajayanthéf, M

Minster of Environment and Renewable Energy

Government of Sri Lanka



PREFACE

Sri Lanka ratified the United Nations Framework Convention on Climate Change (UNFCCC) in November
1993 and acceded its Kyoto Protocol in September 2002. In keeping with the obligations of the UNFCCC,
the Government of Sri Lanka submitted its Initial National Communication in 2000 and submitted the
Second National Communication in 2012. Over the last two decades, Sri Lanka has made a significant
progress towards improving the national policy framework and strengthening the legal and institutional
capabilities to facilitate implementation of obligations under the UNFCCC and Kyoto Protocol. These
timely actions demonstrate the Gover nment s firm commitment in

and climate change related issues.

Although Sri Lanka is a low greenhouse gases emitter, it is highly vulnerable to adverse impact of climate
change. Analysis of past records suggests that air temperature throughout the island has been on a
rising trend during the last century. The future scenarios predict higher levels of emissions and possibility

of adverse climate change impacts, if no mitigatory and adaptation actions are undertaken now.

The TNA explores country needs for the reduction of greenhouse gas emissions and adaptation
technologies. It also re-affirms the will of the Government along with the international community to
contribute to the joint efforts in addressing the climate change threat. It is envisaged that this process will
open up access to funds, create an enabling environment for the transfer of priority technologies which

will improve the climate resilience of the most vulnerable sectors in the country.

I would like to take this opportunity to extent my gratitude to the Global Environment Facility (GEF) for
funding and the United Nations Environment Programme (UNEP) and the UNEP Risoe Center (URC) for
implementing this project in collaboration with the Asian Institute of Technology (AIT). A record of
appreciation is also extended to the members of the TNA committee, Sectoral working Groups and all

other experts who have contributed to this national exercise.
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Executive Summary

The Technology Needs Assessment (TNA) for Climate Change in Sri Lanka was carried out from June to
December 2011. The priority sectors identified for adaptation are Food, Health, Water and Coastal and
Biodiversity. Through an extensive stakeholder consultative process a potential list of technologies for
each sector were identified, and prioritized by using the Multi Criteria Decision Analysis (MCDA) process.
Although the TNA process was resulted in identifying potential technologies based on priority needs,
there are some critical barriers that need to be overcome for achieving the desired objectives of
technology transfer and diffusion. Therefore, the barrier analysis was carried out and enabling framework
was developed for each technology through a stakeholder consultation process which also involved

literature review and other investigations as well.
Food Sector:

The prioritized technologies for climate change adaptation in the food sector are; (1) Sustainable inland
culture-based fisheries, (2) Sustainable land management and (3) Crop diversification and precision
farming. These technologies were selected as the most promising adaptation options for the food sector.
The first technology is categorized as a consumer good while the remaining are as other non-market

goods.

Sustainable inland culture-based fisheries (SCBF) will rely on the extensive network of perennial and
seasonal reservoirs developed for irrigation purposes. SCBF is a non-competitive but complimentary
resource use that would permit maximization of benefits from freshwater resources and enhances food

security for the participants and the nation as a whole.

Ten key barriers for the development of SCBF have been identified. Financial and economic constraints
involved with committing increased investments are two most critical barriers for the expansion of SCBF.
Inadequacy of financial resources available for investment and the high risks related with such
investments are the potential financial barriers. Amongst the non-financial barriers identified, (i)
Insufficient and weak supply arrangements for fingerlings and (ii) Inadequate R&D and Training Facilities
have been recognized as the most critical barriers for the success of SCBF. It is noted that the key steps
pertaining to R&D aspects of the fingerlings production remains a state monopoly held by National
Aquaculture Development Authority (NAQDA). Capacity limitations and inadequate coordination
arrangements being the results of state domination contributes to the other non-financial barriers viz; (i)
Poor marketing infrastructure and low price; (ii) Non-favorable consumer preferences and social biases;
(iii) Water quality degradation; (iv) Inadequacy of Government policy; (v) Poor institutional arrangements
for stakeholder participation in policy making; and (vi) Inadequate product standards, codes and

certification.



Need for Sustainable land management (SLM) is the manifestation of unregulated intensive land use
practices due to high land pressure. Sri Lanka is recognized as one of the 19 countries with high
population densities with land degradation being one of the most serious environmental problems. Land
degradation is widespread in the country and occurs in all agro-ecological regions at different intensities.
Land as a resource interconnected with other natural resources such as air, water, fauna and flora, which
are essential for human survival, proper land management will help protecting the environment and

conservation of natural resources while augmenting the food supply.

A were identified as barriers having some significant importance. Insecure land ownership and
inadequacy of and poor enforcement of policies, laws & regulations were identified as barriers in
policy/legal/regulatory category Lack of attention for conservation of non-agricultural lands and poor
relevance of techniques due to diversity were identified as barriers in relation to institutional and
organizational capacity. Inadequate knowledge, lack of stakeholder coordination and individual efforts
were considered as significant barriers with respect to the categories of human skills, network failures

and social cultural & behavior respectively.

Given the long gestation period required to yield the benefits of adopting SLM technologies, it is seen
that measures that enhances affordability of investments to implement SLM technologies such as
subsidies and other financial assistance and strengthening of security of land ownership could play a
major role in ensuring success of adopting the technologies. Assigning the appropriate priority to SLM
through the strengthening of coordination mechanisms, monitoring of enforcement, adopting a broader

community approach to SLM are seen as essential measures.

Crop diversification and precision farming (CD&PF) helps to build resilience in agricultural systems by
increasing diversity and enhancing the capacity of crops to withstand climate-related shocks. Diversity
serves as a buffer to increase the ability of agricultural systems to tolerate effects of rising climate
variability and extreme events. Prominence given to rice cultivation in order ensure increased supply of
the staple food is likely to impact food security due to increased vulnerability resulting from reduced crop

diversity.

Barrier analysis in the CD&PF technology identified ten key barriers with two from the economic/financial
category and others being non-financial barriers mostly from policy/legal/regulatory,
institutional/organizational capacity, market failures and Information and awareness categories. The
economic & financial barriers are Price fluctuation due unstable import policy and High cost of cultivation
including labor cost. The non-financial barriers include Fragmentation of land holdings and Land tenancy
arrangements obstructive to diversification away from rice (Policy, Legal, Regulatory); Lack of varieties
and management packages suitable for diversification and Inadequate post harvest technologies and
processing infrastructure (Institutional and Organizational capacity); High risk of marketing due to
seasonal production and Under-developed marketing system, no penetration of rural markets & lack of

timely accurate market information (Market failure); Poor technical knowledge on the cultivation of new
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crops & precision farming (Information & awareness) and Irrigation network designs not practical for

diversification (Other).

The measures identified to overcome economic/financial barriers include; Contain price fluctuations due
to unstable import policy and Increasing affordability of cost of cultivation including labor cost. The
measures identified to overcome non-financial barriers are Reducing fragmentation of land holdings and
Revising land tenancy arrangements (Policy, Legal, Regulatory); Providing crop varieties and
management packages suitable for diversification and Improving post harvest technologies and
processing (Institutional and organizational capacity); Lowering marketing risk arising from seasonal
production, Improving marketing systems and Raising technical knowledge on the cultivation of new
crops & precision farming (Market failure) and Making irrigation network designs favorable for

diversification (Other).

Health Sector:

The prioritized technologies for climate change adaptation in the health sector are (1) Early Warning
Systems and networking for information exchange on Extreme Weather events and other climate change
related events, (2) Transfer of knowledge and skills to Health Personnel and (3) Technology for
management of Health Care Waste. The first two technologies were categorized as other non-market

goods and the third technology categorized as publicly provided goods.

Climate change could cause both direct and indirect impacts on human health. The threat of climate
change poses to health is evident and if current global warming trends remain uncontrolled, humanity will
face more injury, disease and death related to natural disasters, higher rates of food borne, waterborne,
and vector-borne disease and more premature deaths and disease related to air pollution (WHO, 2008).
Poor and underdeveloped countries and nations will be affected more compared to developed nations as

they are capable of implementing mitigation and adaptation mechanism to minimize human suffering.

The first technology option for the health sector, Early Warning Systems and Networking for Information
Exchange on Extreme Weather events and other Climate Change related events (EWS) was recognized
as a very important technology because it helps to reduce economic losses and mitigate the number of
injuries or deaths from health disasters, by providing information that allows individuals and communities
to prevent health hazards. If well integrated with risk assessment studies and communication and action
plans, early warning systems can lead to substantive benefits for preventing health hazards. Effective
early warning systems embrace all aspects of emergency management, such as: risk assessment
analysis, monitoring and predicting location and intensity of the disaster waiting to happen;
communicating alerts to authorities and general public in order to take necessary precautionary

measures in advance.



Six (06) key barriers for successful technology transfer and diffusion related to Early Warning Systems
and Networking (EWS) were identified. Of the key barriers, one falls under the economic and financial
category and the other five are non-financial barriers. Inadequacy of finances and unfavorable financial
regulations being an economic and financial barrier is considered as crucial for implementing EWS
successfully. Amongst the non-financial barriers, absence of an established structure for EWS &
networking; administrative gaps; and poor utilization of novel technologies falls under category of
institutional and organizational capacity. Feeble policies and policy reviews and underutilization of
available trained people were identified as barriers under the categories of policy/legal/regulatory and

human skills respectively.

Allocation of adequate funds by the government; and exploration for alternative funding sources &
mechanisms are suggested as measures to overcome the economic and financial barrier. The measures
recommended for non-financial barriers included (a) align with the existing government structure; (b)
assign a focal point to deal in EWS matters with relevant sectors; (c) improve and enhance the use of
available trained persons; (d) identify appropriate and affordable novel technologies; (e) train and assign
a second line of personnel and (f) regular streamlining and monitoring of policy including policy reviews.

Sri Lanka s health sector is facing a number of
delivery of services. There is a continuous mismatch of demand and supply of human resources over the
years, which has resulted in mal distribution and shortages. These are further complicated by the disease
burden and demographic changes. Accordingly, the human resource issues it faces need to be resolved
quickly, if it were to show any further improvement in its service delivery. Therefore, Transfer of
Knowledge and Skills to Health Personnel is of paramount importance not only for climate change related

issues but also for the general betterment of the health sector service delivery.

Barrier analysis related to Transfer of Knowledge and Skills to Health Personnel has identified six (06)
key barriers including Inadequate Financial resources under the economic/financial category, non-
utilization of modern educational technologies; lack of training needs assessment; unavailability of a
training calendar and unavailability of a mechanisms to monitor diffusion of knowledge and skills falling
under the category of institutional/organizational capacity, poor coordination of training activities under

network failure, and shortage of competent trainers under human skills.

One economic and financial measure and five non-financial measures were identified to overcome these

barriers. The economic and financial measure thus identified is t o provide suffi-i

financial measures identified includes (a) Establish and strengthen a coordination unit and a mechanism;
(b) Conduct training needs assessments and design trainings accordingly; (c) Explore and provide
opportunities to use modern educational methodologies and technologies; (d) develop an appropriate
monitoring system and regularly carryout monitoring and evaluation of the diffusion of knowledge
countrywide; (e) prepare and implement an annual training calendar and (f) provide a suitable benefit

scheme and opportunities to trainers for their carrier development.
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The barrier analysis in relation to Technology for Management of Health Care Waste has identified six
(06) key barriers affecting technology transfer and diffusion under this technology. This includes two
economic and financial barriers (i.e. treatment technologies of health care waste are expensive and lack
of sustainability due to financial constraints) and four non- financial barriers. The non-financial barriers
include poor awareness among health personnel, shortage of technical staff, inadequate commitment of
policy planners & administrators and inadequate inter-sectoral coordination falling under the categories of
information & awareness, institutional & organizational capacity, social, cultural & behavioral and network

failures respectively.

The economic and financial measures identified to overcome the barriers are; Exploration of funding
sources; Public-private partnerships, and Identification of low-cost technologies; feasibility studies on
different technologies and implementation of sustainable technologies. The non-financial measures are
(a) Awareness creation among health personnel and policy makers; (b) Train interested and qualified
persons already in staff, open avenues for carrier development and take measures to retain personnel for
a stipulated period; (c) Advocacy creation, illustrate evidence of ignorance and solicit technical
assistance from UN and other donors; (d) Establish a mechanism to improve the inter-sectoral

coordination

Water Sector:

The prioritized technologies for climate change adaptation in the water sector are; (1) Restoration of
minor tank net works, (2) Rainwater harvesting from rooftops for drinking and household uses and (3)
Boreholes/Tube wells as a drought intervention for domestic water supply. These are classified under the

categories of publicly provided goods, other non-market goods, and the capital goods respectively.

Restoration of minor tank net works is considered as a viable option to augment water supply in the dry
zone which is already in a water stress due to inherent climatic conditions in the region. This situation is
likely to be further aggravated by the climate change. Therefore, it is imperative to develop technologies

to supply irrigation water to the dry zone of the country.

Nine (09) barriers likely to affect the success of this technology have been identified and they are; i. High
capital cost and inadequate allocation of funds, ii. No return/benefit during extended dry seasons, iii. Lack
of payments for communities (economic and financial barriers), iv. Lack of understanding on importance
of good tank management, v. Lack of involvement of farmer community in planning and decision making
(institutional and organizational capacity barriers), vi. Lack of prioritization procedure when selecting the
most suitable cascade systems/minor tanks for restoration, vii. Lack of policy for distribution of funds
among different government agencies (policy, legal and regulatory barriers), viii. Lack of sustainability of
minor tank systems due to poor tank management (technical and network failure) and ix. Poor
understanding on cascade hydrology due to lack of R & D (information and awareness and other barriers

such as limitations due to water pollution. Of these, high capital cost is considered the most critical.
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Three economic and financial measures and seven non-financial measures were identified to enable
overcome these barriers. The economic and financial measures are; (a) obtain additional funds from
donor agencies and as farmer contributions; (b) introduction of alternative employments during extended
dry seasons and payments for communities involved in restoration activities. The non-financial measures
are; (a) improve operation and maintenance practices; (b) improve the understanding on importance of
good tank management practices; (c) strengthen farmer organizations and increase involvement of
farmers in planning and decision making; (d) development of a policy/strategy on selection and
prioritization of cascade systems/minor tanks; (e) Review and revise the mandate of Agrarian Service
Department and Provincial Councils with respect to restoration of minor tank network systems as
appropriate; (f) improve understanding on cascade hydrology by promoting R & D; (g) R & D on tank

water pollution and strict enforcement of environmental laws.

Rainwater Harvesting (RHW) from Rooftops for Drinking and Household Uses is aimed at harnessing
rain water due to intense rain storms and supplement domestic water supply during prolonged droughts

both caused by climate change impacts.

Eleven (11) barriers were identified and they are i. High capital cost, ii. No benefit during extended dry
seasons (economic and financial barriers), iii. Lack of sustainability of roof top rain water harvesting
systems due to poor management, iv. Lack of standards, codes and certification for roof top rainwater
harvesting (technical barriers), v. Poor understanding of importance of rain water harvesting from roof
tops as a water conservation method, vi. Poor accessibility for information on rainfall data, vii. Lack of
prioritized areas for installation of roof top rainwater harvesting systems (information and awareness), viii.
Lack of confidence in roof top rainwater harvesting technology, ix. No demand for roof top harvested
rainwater due to aesthetic considerations (social, cultural and behavioral), x. Inefficient enforcement of
national rainwater harvesting policy (policy, legal and regulatory) and xi. Limitations due to contamination
of water (institutional and organizational capacity). The high capital cost is considered as the most critical

barrier.

The identified measures to overcome the barriers include two economic and financial measures and nine
non-financial measures. The economic and financial measures are (a) obtain additional funds from donor
agencies, and promote research on development of low cost, better quality roof top rainwater harvesting
systems; (b) provide incentives for households/communities using rainwater harvesting systems. The
non-financial measures are (a) Formulate a mechanism for standards, codes and certification for roof top
rainwater harvesting systems; (b) Improve operation and management practices of rooftop rainwater
harvesting systems through awareness programs, and demonstration of a roof top rainwater harvesting
model system and dissemination of knowledge through audio-visuals; (c) Conduct awareness programs
on importance of the technology as a water conservation method; (d) Provide free access to rainfall data;
(e) Identify and prioritize suitable areas in the country for installation of roof top rainwater harvesting

systems; (f) Build confidence in roof top rainwater harvesting technology; (g) Increase the demand for



roof top harvested rain water; (h) Strict enforcement of national rainwater harvesting policy, and (h) Good

operation and management practices to minimize possible contamination of water.

Boreholes/Tube Wells can be used as alternative domestic water supplies especially during drought
periods. Ground water is used as a drinking water source and also for back-garden agriculture and

aquaculture in the dry zone.

The barriers identified with respect to promoting boreholes and tube wells are i. High capital cost, ii.
Inadequate funding allocation (economic and financial), iii. Lack of assistance for physical investigations
of the site, drilling of the well, screening, water quality testing and yield testing, iv. Lack of understanding
on negative impacts of over extraction of ground water, v. Lack of information on ground water
resources, vi. Lack of sustainability (institutional/organizational capacity and information and awareness),
vii. Lack of policies/laws/guidelines for safe and sustainable use of groundwater, viii. Lack of policies/laws
to control drilling of boreholes affecting vulnerable aquifers, ix. Lack of policies/strategies to establish
low-interest loan scheme, x. Lack of policies/strategies to establish import tax relief (policy, legal and
regulatory barriers), xi. Lack of prioritization of areas to implement the technology, xii. Lack of information
on prices of equipment, loan schemes etc (Information and awareness, market failure barriers), xiii. Lack
of R & D on ground water availability and hydrogeology (technical) and xiv. Limitations of the technology

due to poor quality of ground water (other barriers).

The measures identified to overcome barriers are (a) Take appropriate steps to reduce the investment
(capital) cost which includes measures to reduce cost of equipment and cost of construction; (b) Provide
adequate funding for the technology (economic and financial measures) and (a) Provide assistance for
physical investigations through registered contractors; (b) Improve the understanding on negative
impacts of over extraction of ground water; (c) Providing suitable conditions for sustainability; (d)
Formulate laws/guidelines for safe and sustainable use of groundwater; (e) Formulate laws/ bylaws/
guidelines to control drilling of boreholes affecting vulnerable aquifers; (f) Establish a low-interest loan
scheme for importers/producers of tube wells; (g) Establish an import tax relief for importers/producers of
tube wells; (h) Availability of information on aquifers in Sri Lanka; (i) Identify vulnerable areas for climate
change and study hydrogeology of such areas etc and prepare a prioritized list; (j) Awareness campaigns
on special facilities provided for tube well constructors; (k) Promote R &D on ground water availability
and hydrogeology of various sites; (I) Select sites having good quality ground water (non-financial

measures).

Coastal Sector:

The prioritized technologies for the coastal sector are; (1) Sand dune rehabilitation, (2) Restoration of
Mangroves and (3) Restoration of coral reefs and are categorized as other non-market goods.
Sand dune rehabilitation is a measure to combat coastal erosion and inundation, which could be

expected to occur due to sea level rise, as sand dunes create natural barriers together with their
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vegetation. In areas where dune sand has been affected by anthropogenic activities such as construction
work, rehabilitation should be done by planting suitable tree species such as Pandanus and other dune

plants with economic or medicinal value with community participation after beach nourishment.

Barriers identified include both economic & financial and non-financial barriers. Lack of funds for
restoration of sand dunes through natural beach nourishment and establishment of dune vegetation and
to conduct awareness programs is recognized as the key economic & financial barrier. The non-financial
barriers include two policy, legal and regulatory barriers (viz. poor enforcement of coastal zone
management regulations; low priority of providing funds for environmental protection and R&D) and one
each from network failure, institutional & organisational capacity, human skills, social, cultural &
behavioural, information & awareness, technical and other barriers (i.e. lack of coordination among
different institutions, lack of opportunities for research, inadequate trained personnel/experts to provide
knowledge on technologies used, lack of commitment by the coastal communities & industries, lack of
awareness on the non extractive uses/importance, role and functions of coastal sand dunes, lack of
knowledge on technologies adopted for sustainable utilisation of dune vegetation and negative impact

due to extraction of sand for construction industries respectively).

The measures identified to overcome these barriers include one economic and financial measure and
nine non-financial measures. The economic and financial measures are (a) Explore funding opportunities
from the government and suitable donor agencies for implementing specific project proposals. The non-
financial measures are (a) Conduct awareness programs to law enforcement officers and other
stakeholders; (b) Increase the annual budgetary allocations; (c) Development of multidisciplinary projects
and identify strategies to improve collaborations with stakeholders; (d) Build capacity of R & D institutions
and incorporate capacity building needs in respective cooperate plans of the R & D institutions; (e)
Provide annual budgetary allocations for the relevant institutions to train adequate number of staff in
required fields and develop mechanisms to retain trained personnel; (f) Form a committed group of
actors selected from the coastal communities, provide alternative sources of income or employment
opportunities for those who are involved in destructive activities, and develop suitable strategies to
enable active community participation in conservation and restoration programmes; (g) Conduct
awareness programmes to involve all stakeholders coastal communities in sand dune conservation
programmes; (h) Encourage plantations of dune vegetations with economic and medicinal importance
through awareness/training programmes; (i) Encourage off-shore sand extraction for building

construction and discourage construction involving coastal sand.

At present, the most commonly practiced wetland ecosystem for coastal protection is Rehabilitation of
Mangroves. Wetland habitats perform essential functions in terms of coastal flood and erosion control. In
addition, mangroves are instrumental in providing socio-economic benefits by supporting the livelihoods
of the local coastal communities. These mangrove systems also perform vital hydrological functions and

serve as breeding grounds for fish & other marine species.



Eight (08) barriers including one economic & financial and seven non-financial barriers have been
identified. Lack/inadequate financial assistance for mangrove rehabilitation is conceived as the main
financial barrier and non financial barriers include two policy, legal & regulatory barriers (viz. inadequate
government patronage & commitment; lack of proper legal authority), two social, cultural & behavioural
barriers ( viz; unsustainable practices; destructive lagoon fishing techniques) and one each of technical,
institutional and organizational capacity and other barriers (viz; replanting mangroves without
establishing proper zonal plans and inappropriate species selection, general lack of
appreciation/awareness on the non extractive uses/importance, and functions of mangroves and illegal &

unsustainable land use practices in the hinterland respectively).

The measures identified to overcome the barriers include one economic & financial measure and nine
non-financial measures. The economic and financial measure is aimed at exploring funds for targeted
programs and encouraging self sustaining economic activities using mangrove products. The
recommended non-financial measures are (a) Encourage the government to increase budgetary
allocations for sustainable socio-economic programmes; Conduct awareness programmes on importance
of sustainable management of mangroves; (b) Provide assistance to relevant authorities to prepare
suitable management plans for rehabilitation of mangroves; Highlight the importance of rehabilitation of
mangroves for socio-economic benefits; (c) Conduct awareness programmes for all stakeholders
including those involved in unsustainable practices within mangrove areas; Strict enforcement of laws ;
(d) Ensure strict compliance with of fishery regulations and regulatory mechanisms; Introduce Co-
management procedures; Conduct awareness programmes and establish regulatory mechanisms; (e)
Establish regulatory mechanisms for mangrove replanting programmes; Develop zonal plans to identify
the mangrove areas required rehabilitation; Identify most suitable species for replanting; (f) Encourage
projects that support mangrove rehabilitation; (g) River basin management; Conduct IEE/EIAs for all

development programmes in the hinterland; Control land use patterns to reduce erosion.

Ten (10) barriers are identified including one under economic & financial category and nine barriers
under non-financial category have been identified in relation to Restoration of Coral Reefs. Inadequate
financial assistance for monitoring and restoration of coral reefs is considered the only economic and
financial barrier while the non-financial sector include two barriers under policy, legal & regulatory
category,(viz; inadequate government patronage & financial assistance; poor enforcement of coastal
regulations), three social cultural & behavioral barriers (viz; unsustainable resource utilisation;
sedimentation and pollution due to unplanned socio-economic activities; destructive activities against
conservation/rehabilitation programmes), one each under network failures, information and awareness,
technical and other (viz; insufficient coordination among different ministries, inadequate awareness
among stakeholders, inadequate trained personnel to involve in coral rehabilitation programmes and

natural phenomena that bleach corals respectively.

The measures identified to overcome these barriers are comprised of one economic and financial

measure and nine non-financial measures. The economic and financial measure is aimed at attracting
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funds from local & foreign sources for specific programs and also to introduce eco-friendly activities with
financial gains. The non-financial measures include (a) Conducting awareness programs for policy
makers and government officials involved with decision making processes when allocating funds; (b)
Establishment of community participatory organizations in the vicinity of coral reefs; Appointment of
properly constituted committees to review the EIA reports related to development and economic activities
in the coastal belt; (c) Conducting awareness programmes on the impacts of unsustainable socio-
economic activities; Offer alternative livelihoods or training for those who engaged in livelihood activities
leading to destruction of coral reef habitats; (d) River basin management to prevent sedimentation;
Conduct proper ElAs for all specified development programmes in the hinterland; Regulated land use
practices to reduce erosion; Carry out reef cleaning programs with stakeholder participation;
Enforcement of laws for all coastal development activities; (e) Awareness programmes to highlight the
importance of coral transplanting; (f) Conduct awareness programs to key officials of different line
ministries; Provide training for persons from relevant line ministries on coral transplanting and reef
cleaning; (g) Conduct awareness programs on the importance of non extractive uses, role and functions
of corals and importance of controlling pollution and sedimentation; Formulate development plans in
consultation with important stakeholders; (h) Provision of training to stakeholder groups and use them as
leaders for implementation of respective programmes and also as trainers for the rest of the community;
(i) Conduct seasonal monitoring programs with the co-operation of trained stakeholders to be vigilant

during natural phenomena.

Biodiversity Sector:

The adaptation technologies prioritized for the biodiversity sector are; (1) Restoration of degraded areas
inside and outside the protected area network to enhance resilience, (2) Increasing connectivity through
corridors, landscape/matrix improvement and management (includes altitudinal and other movement), (3)
Improve management, and possibly increase extent of protected areas, buffer zones and create new
areas in vulnerable zones, (4) Focus conservation resources and carryout special management for
restricted range, highly threatened species and ecosystems, (5) Ex-situ conservation for highly
threatened species and possible reintroduction.

Restoration of degraded areas inside and outside the protected area network will enhance the resilience
and allow biodiversity to better withstand the impact of climate change. Some protected areas, although
legally declared, are degraded due to illegal activities such as encroachments for settlement and
clearing, logging and fire damage etc. There appear to be other natural ecosystems existing outside the
legally protected areas but having significant conservation status or required to be restored and protected
in the event of species shift as a result of climate change. Restoration will require selecting suitable
native species and restoring the original status of the ecosystem. Some ecosystems that can be restored

include forests, wetlands, coastal areas, coral reefs etc.
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The barrier analysis has been able to identify nine (09) barriers including two economic & financial and
seven non-financial. The economic & financial barriers are low funding allocations for restoration work
and no immediate returns from restoration and lack of incentives for undertaking restoration activities.
The non-financial barriers include four information, awareness and human skills related barriers ( viz;
poor understanding of the true value of ecosystem services; lack of national level prioritization of areas
for restoration; conflicting interests/pressure from development; insufficient ecosystem specific capacities
and technically sound restoration methods) and one each related to network failures, human skills &
technical, policy legal & regulatory and social, cultural & behavioral patterns viz; inadequate working
modalities to exchange and learn about restoration best practices, land tenure issues before and after
restoration and lack of partnerships for restoration and management of lands outside protected areas

respectively.

The measures identified to overcome barriers fall under the categories of both economic & financial and
non-financial measures. The economic and financial measures are (a) Provide annual budgetary
allocations for the Forest and Wildlife Departments based on above restoration action plans. (b)
Provision of incentives by government/donors for restoration by communities and private sector and
introduce a biodiversity-offset mechanism. The non-financial measures are (a) Undertake ecosystem
specific studies on ecosystems service values and dissemination of related information. (b) Study on
identifying and prioritizing critical areas for restoration, Climate change modeling to identify critical areas
and formulation of action plans and financial requirements thereupon. (c) Compile best practices for
ecosystem specific restoration methods and its dissemination, Promote research on technologies,
Demonstration plots/pilot studies, (d) Create political awareness, Site specific evaluation for prioritization
restoration programs. (e) Facilitate information exchange and knowledge sharing. (f) Implementation of
existing policies and legislation relating to land tenure. (g) Build partnerships between government

institutions and the private sector.

Increasing connectivity through corridors, landscape/matrix improvement and management is vital for
conserving biodiversity during climate change as it is seen as an important mechanism to connect
fragmented areas, as many protected areas are isolated from each other. Corridors play an important
role in facilitating migration of species, whose ranges are likely to be affected by climate change. This
strategy involves the protection of areas and regions that would be essential for climate-induced

movements of both terrestrial and aquatic species.

Low funding allocation for connectivity (nationally) and lack of incentives to protect isolated forest
patches/ecosystems in private lands have been identified as the major economic & financial barriers for
the success of this program. The non-financial barriers identified are comprised of four policy, legal,
regulatory & technical barriers (viz; high altitudinal areas are poorly protected; absence of
matrix/landscape level planning of conservation and lack of effective policies and legislation; conflicting
government policies on taking over of unutilized lands; procedural delays in land acquisitions) three

information, awareness & technical (viz; critical areas for connectivity and priorities not identified at a
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national scale; value and benefits of connectivity unknown; communities not aware on how to share
habitats with biodiversity/critical species and lack of policy and legal framework for benefit sharing) and
one related to social, cultural & behavioral aspects (viz; Existence of private land and conflicting land

uses that impede creation of corridors, Competing interests/pressure from development).

The measures identified to overcome barriers include two economic & financial measure and eight non-
financial measures. The economic and financial measure are (a) Provision of annual budgetary
allocations for Forest and Wildlife Departments based on above action plan (b) Incentives for private
landowners to set aside or maintain reservations required to ensure connectivity; Make revisions
(legal/policy) to ensure that medium to large development projects set aside areas to maintain

connectivity; Political awareness.

The non-financial measures are; (a) Enforcement and management of montane protected areas while
increasing their protection status and effectiveness of conservation/ management; Include critical areas
into protected area network; (b) Landscape level planning for conservation, special management and
implementation integrate into Forest and Wildlife Department management plans; (c) Harmonization of
nationalpol i ci es on t adédilandg byothe State; ¢dj Amend procedures to expedite land
acquisition process; (e) Identify critical areas to be connected and prioritize required corridors; (f) Carry
out valuation, identify and publicize benefits of connectivity; (g) Create awareness and build capacity to

promote co-existance with biodiversity.

The strategy to Improve management, and possibly increase extent of protected areas, buffer zones and
create new areas in vulnerable zones will focus on effectively managing established protected areas and
also entail increasing the extent of terrestrial and aquatic habitats. Protected areas are aimed at
providing sanctuary to fauna and flora with minimal impacts from humans and other threats. It is vital to

ensure that protected areas possess a good representation of biodiversity in the country.

The barrier analysis has resulted in identifying four economic & financial barriers and eight non-financial
barriers. The economic and financial barriers are; inadequate financial provisions (nationally); non-
implementation of existing management plans for want of resources; lack of management plans for some
protected areas; insufficient capacity in terms of number of personnel, knowledge and other facilities for
adequate management & monitoring. The non-financial barriers are; conflicting land use in buffer zones;
no legally defined buffer zone for protected areas; insufficient physical boundary demarcation in some
protected areas and all buffer zones, lack of enforcement and awareness on boundaries; no provisions
for community or privately owned protected areas (policy, legal and regulatory barriers), demand for land
from proposed reserves/parks for development purposes ignoring utilization of other lands already
cleared/degraded; inefficient protected area management by the relevant departments and staff
(institutional and organizational capacity), lack of community awareness on sharing habitats with

biodiversity and lack of policy on shared utilization (information and awareness), lack of coordination
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between different authorities managing adjacent protected areas and lack of ecological information in

protected areas (network failures).

The measures identified to overcome these barriers include four economic and financial measures and
eight non-financial measures. The economic and financial measures are; (a) Provision of annual
budgetary allocations for Forest and Wildlife Departments based on above action plan; (b) Allocation of
resources and implementation of management plans; (c) Preparation and implementation of
management plans for PAs having no such plans and (d) Recruiting qualified personnel to enable
performing specific job descriptions. Non-financial measures are; (a) Incentives for using brown
field/degraded areas; Policies to discourage conversion of natural ecosystems for development projects;
Upgrade proposed reserves/parks to a higher level of protection; (b) Create accountability of responsible
people; (c) Encouraging non-conflicting land uses through incentives; Enforcement of buffer zone
legislations; (d) Amend and implement buffer zone legislation; (e) Physical demarcation of protected area
boundaries and buffer zones; Effective law enforcement on boundaries; Create awareness on
boundaries; (f) Introduce a provision for community owned protected areas and provide incentives for
such activities; (g) Create awareness and build capacity to promote coexistence with biodiversity; (h)

Policies and initiatives that encourage Forest, Wildlife and other departments to work together.

Focus on conservation of resources and carryout special management for restricted range, highly
threatened species and ecosystems involves with investing resources in maintenance and continued
survival of species likely to become extinct as a result of global climate change. Therefore it will be

targeted for species that need special attention having high vulnerability to climatic changes.

The barriers identified consist of two economic & financial barriers and eight non-financial barriers. The
economic and financial barriers are inadequate funding for protecting highly threatened species and lack
of national biodiversity action plans for highly threatened species; The non-financial barriers are lack of
information including modeling with regard to climate change impacts on species/ecosystems;
inadequate information on threatened species; poor awareness by general public and policy-makers on
point endemics and other threatened species; insufficient in-house knowledge on species management
strategies (information & awareness), all sites of point endemic species are not protected (policy, legal &
regulatory), insufficient partnerships for species conservation (network failure), difficulty in obtaining
permission for conducting research by individuals and non-state sector institutions (institutional &

organizational capacity) and lack of focused research on habitats for species migration (technical).

The measures identified to overcome these barriers include two economic & financial measures and
eight non-financial measures. The economic and financial measures are (a) Allocate sufficient funds from
annual budgets to implement species action plans; (b) Develop and implement species action plans
based on priority. The non-financial measures comprise of (a) Generation of necessary information and
climate modeling to address climate change impacts on species and ecosystems; (b) Carry out extensive

surveys/research; Obtain expertise on the subject/capacity building; (c) Awareness programs on point
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endemics, including the importance of their conservation and programs for policy makers and school
children; Introduce relevant mechanisms to reinforce voluntary conservation actions (d) Build capacity
and equip staff within departments to conserve and monitor threatened species/ecosystems; (e)
Legalizing the protection of sites and establish inter-departmental coordination for protection of point
endemics; Incentives and alternatives for protection in areas outside protected areas; (f) Create effective
partnerships between Ministry/Departments and universities, NGOs, species specialists etc for species
conservation; (g) Establish hassle free process for obtaining research permission for individuals and non-
state institutions; (h) Research on habitats for species migration and identification/conservation such
habitats.

Ex-situ conservation for highly threatened species and possible reintroduction refers to conservation
activities undertaken outside the usual habitat of a species. Often this approach focuses on captive
maintenance pr ogr ams f or species that would otherwise
captive breeding centers, seed banks etc are some example of such conservation activities. Ex-situ

collections should have sufficient diversity to allow adaptation.

The barriers identified include two economic & financial barriers (viz; Lack of proper planning and funding
for ex-situ conservation and Lack of expertise and resources to carry out ex-situ conservation). The non-
financial barriers are; ex-situ conservation of wild fauna is not considered a high priority in conservation
related policies; weak legal instruments to act against improper ex-situ conservation; availability of
restricted legal provisions to enable only few government sector institutions to carry out ex-situ
conservation (policy, legal and regulatory/ information and awareness) and inadequate understanding on

species that may require ex-situ conservation (technical).

The measures identified to overcome these barriers include two economic & financial measures (viz;
Identify and prioritize required ex-situ conservation facilities, allocate funding for setting up of ex-situ
facilities and introduce framework for reintroduction and monitoring: Carry out capacity building on ex-situ
conservation, establish partnerships with species specialists, facilitate exchange and sharing of
knowledge, provision of resources and standard protocols for ex-situ conservation) and four non-
financial measures (viz; Create awareness and offer high priority for ex-situ conservation; (b)
Enforcement of existing laws to prevent improper ex-situ conservation activities; (c) Introduction of a
streamlined system to permit ex-situ breeding by other parties under the overall supervision of relevant
government authorities; (d) Studies including climate change modeling to identify and prioritize species

for ex-situ conservation)
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Chapter 1

Food sector

Food sector which includes agriculture (Rice, Fruits & Vegetables, Other Field Crops, Sugar Cane, Tea,
Coconut, Export Agricultural Crops), Livestock (Dairy, Poultry) and Fishery is considered to be one of the
most vulnerable sectors to climate change impacts in Sri Lankal. Changing climate and weather patterns
suggest high potential of negative impacts on food production, food security and natural resources in the
country. The impending vagaries of climate change such as intense, uncertain, highly variable rainfall
pattern and temperature, sea level rise, combined with deterioration and dwindling of natural resources
emphasize the necessity of sustainable adaptation technologies to increase the productivity, stability and

resilience of production of the food sector.

The prioritization of technology options for climate change adaptation in the food sector in Sri Lanka was
carried out through an extensive stakeholder consultative process utilizing the Multi-Criteria Decision
Analysis (MCDA) approach (Ref. Technology Need Assessment and Technology Action Plans for
Climate Change Adaptation: Part 1- Technology Need Assessment Report) List of prioritized

technologies appear on Table 1.1.

Table 1.1: Prioritized Technologies and Categories in the Food Sector

No List of Prioritized Technologies Category of the Technology*
1. | Sustainable Inland Culture Based Fisheries Consumer Goods

2. | Sustainable Land Management Other Non Market Goods

3. | Crop Diversification and Precision Farming Other Non Market Goods

* (Overcoming Barriers to the Transfer and Diffusion of Climate Technologies, 2012)

1.1 Preliminary targets for technology transfer and diffusion

Preliminary targets for transfer and diffusion of the selected adaptation technologies in the food sector

are discussed below in quantitative terms against each intervention.

1 ME, 2010, Sector Vulnerability Profile: Health, Supplementary Document to: The National Climate Change
Adaptation
Strategy for Sri Lanka, 2011 to 2016, Ministry of Environment, Sri Lanka.
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1.1.1 Sustainable Inland Culture Based Fisheries (SCBF)

The preliminary target for transfer and diffusion of SCBF is to increase the fingerling production to meet
the stocking requirements of 300 village reservoirs with a cumulative surface area of 1000 ha over a
period of 2 years. This will involve induced breeding of major carp species, rearing of post larvae to fry

stage and raising 3.5 million fingerlings annually.

1.1.2 Sustainable Land Management (SLM)

Restoration of fertility status of 20,000 ha of rice lands and 10,000 ha of highlands cultivated with other
food crops over a period of 3 years is considered as the preliminary target for SLM. The interventions will
involve improvement of physical, chemical and biological properties of soil for optimum crop production

through soil amelioration and adoption of better land and crop management practices.

1.13 Crop Diversification and Precision Farming (CD&PF)

CD&PF will involve conversion of 8,000 ha of land presently under irrigated paddy cultivation into

highland crops over a 3 year period and increasing productivity by adopting precision farming techniques.

1.2 Barrier analysis and possible enabling measures for Technology 1.
Sustainable Inland Culture Based Fisheries (SCBF)

Inland Fisheries and Aquaculture has high potential for further development as the country has an

abundance of inland water bodies almost island wide.

The National Aquaculture Development Authority (NAQDA) estimates fresh water bodies to be of around
260,000 ha in extent and is comprised of large, medium and minor irrigation reservoirs, seasonal village

tanks, flood lakes, upland reservoirs/estate tanks and Mahaweli river basins2.

There is a need to increase fish production in minor perennial reservoirs, seasonal tanks and brackish
water bodies through culture-based fisheries. Reported production from the inland fisheries sector in
2010 was 47,000 mt (MF&AR). Inland fisheries and aquaculture has shown a sluggish growth over the
last ten years, with a highest contribution to the total fish production about 20%, recorded in year 2005.

However, the contribution of the sector has remained around 14% after 2005.

Reservoir fishery as the main aquaculture activity practiced currently provides significant contribution to
food and nutritional security of the rural areas in the interior regions of Sri Lanka and has other benefits

such as providing supplementary income for farmers by creating new job opportunities in the

2 Ten Year Development Policy Framework, Ministry of Fisheries and Aquatic Resources, (2007)
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communities, and making available animal protein at affordable prices. Statistics indicate that per-capita
fish consumption in districts such as Anuradhapura, Polonnaruwa, where reservoir fisheries activities are

successfully established is above the national per-capita fish consumption.

Reservoir fishery, SCBF in particular in medium perennial and small village reservoirs is highly vulnerable
to the climate change impacts. Unexpected rainfall changes and changes in annual rainfall pattern in
recent past have significant impacts on the water retention of the reservoirs. As SCBF activities depend
on the two monsoons, changes in rainfall pattern creates uncertainty of maintaining required amount of

water for aquaculture.

Fish species that are used for the SCBF are exotics and fish seed is required to be produced in
hatcheries through artificial breeding. As climate change is likely exert direct influence on artificial
breeding, alternative techniques and/or improvement of existing technologies become imperative. Study
of different techniques for successful breeding of introduced and local fish species suitable for
aquaculture is a major requirement for successful aquaculture in the country under the climate change

scenario.

1.21 General description of Sustainable Inland Culture-Based Fisheries

In contrast to aquaculture which involves cultivation of aquatic life within controlled environments or the
commercial production of certain aquatic species by managing the major part of their life history under
strict control, culture-based fisheries increase production in natural environments by controlling a part of
the life history of certain species and transplanting or releasing their seed or fry into the open waters. The
juvenile fish, which are produced in hatcheries and are released into fresh, brackish or marine waters,

are allowed to propagate or grow on natural foods until they reach harvestable size.

Since it uses the natural environment itself, unlike aquaculture, culture-based fisheries are not limited by
land or population pressures and do not have to modify or manage the culture system to approximate the
natural environment. However, harvests and returns are less predictable as the release of fish to open
water bodies result in the number harvestable being reduced. Nonetheless, culture-based fisheries have
been increasingly resorted to as means of enhancing the fishery resources, replenishing natural stocks
whose populations have declined through over-exploitation or environmental degradation, or simply

maximizing the productivity of a reservoir.

Species stocked are either indigenous or exotic, and either, herbivorous, carnivorous, or omnivorous. In
the tropics, high-yielding herbivores, detritivores and plankton feeders (like tilapia and carp), are
commonly stocked in lakes and reservoirs. Sri Lanka's large perennial reservoirs and small seasonal
tanks, which constitute the country's main freshwater resource, are regularly stocked with fingerlings of
the different carp species (Indian, Chinese, and common), which are produced at Government-run

hatcheries spread all over the country. Since the Indian and Chinese carps do not spawn in the
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reservoirs/tanks, they have to be stocked regularly to sustain the fisheries. There is thus large pressure
on the State to accelerate its seed production program to keep up with the large demand for fingerlings.
In Sri Lanka, the National Aquaculture Development Authority under the Ministry of Fisheries is primarily
responsible for the production of carp fingerlings for distribution among the various reservoirs and

seasonal tanks.

Please see Annex | for the Market Map on technology 1- Sustainable Inland Culture Based Fisheries.

(For more information please refer to Technology Fact Sheet on Sustainable Culture-Based Fisheries in
Annex D-1 of the report on Technology Needs Assessment and Technology Action Plans (Part |) for
Climate Change Adaptation in Sri Lanka)

1.2.2 Identification of barriers for Sustainable Inland Culture-Based Fisheries

The process of identification of barriers included stakeholder consultations, literature reviews and
interviews with sector specialists. These prioritized barriers with stakeholder consensus are described

below;

1.2.21 Economic and financial barriers

The most critical barriers identified for the diffusion of SCBF is related to financial and economic
constraints for want of increased investments and theses barriers are; inadequate availability of financial

resources and high risk of investments.

a) Inadequate availability of financial resources

The stocking of reservoirs requires finances to procure fingerlings. Presently, much of these finances are
met from a variety of sources such as NGOs, donor-funded projects, funds allocated from the public
(treasury financed) projects, (i.e. Gami Diriya, Gama Neguma etc.) and Fishery Societies. Ideally, after
initial assistance from various state and non-state sources, the reservoir based Fishery Societies should
have accumulated savings to be used as investment capital for re-stocking. However, the Societies
continue to depend on external sources to secure required finances. Financial institutions such as banks
have not developed financing instruments to enable meeting the capital requirements for stocking the
reservoirs. Although the reservoir based Fishery Societies are legally organizations, stocking operations
have not been recognized as commercial investments. In view of these financing constraints, the

Societies are not in a position to make advance payments for required fingerlings.

Fingerling production operations which require large investments are also faced with similar funding
constraints. Hence, the construction and operation of hatcheries for induced breeding, post-larvae to fry

rearing, fry to fingerling rearing are affected by lack of financing sources. Fry to fingerling rearing
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operations are often out-sourced and undertaken as private investments. The capital investment required
to supply the required quantities of fingerlings is very high and the unavailability of financing sources

impedes adequate investments in this sector.

b) High risk of investment

The SCBF operations also present many risks at different stages of the production process requiring an
approach to risk management. Cost recovery at the State owned breeding centers, and reasonable profit
to fingerling rearers and fish farmers engaged in reservoir farming are prerequisites for the success of
SCBF strategy. Induced breeding and rearing of post larvae to fry stage in State owned fish breeding
centers is carried out under controlled conditions and are less susceptible to risks. Nonetheless, breeding
operations could be disrupted due to changes in weather etc. Disruption to the fry supply, high-mortality
of post-larvae & fingerlings and rising costs of feed are potential risks to be faced with during the process
up to fingerling production. Post stocking incidences such as, high mortality due to water pollution,
poaching, and predation and escaping of fish from culture systems caused by the institutional problems

could result in financial losses to farmers.

The optimum rate of stocking for village reservoirs is estimated at 3,500 fingerlings per ha of inundation
area and the total requirement of capital for fingerling stocking for a 10 ha tank is Rs. 70,000 (at the
current price of Rs. 2/= per fingerling) (US $ = SL Rs. 130.2). The absence of a risk management
scheme and non existence of a system to ensure the recovery of investment works as a disincentive for
investments. As a result, many aquaculture communities depend on free or subsidized fingerlings supply
by the State agencies under various ongoing livelihood enhancement programs such as Divi Neguma,

Gama Neguma etc, donor and state-funded projects, NGOs.

1.2.2.2 Non-financial barriers

A set of eight non financial barriers affecting the SCBF operations were identified with two of them are
being considered most critical i.e. Insufficient and weak supply arrangements for fingerlings and

Inadequate R&D and Training facilities.

Market failure barriers:

a) Insufficient and weak supply arrangements for fingerfings

The supply arrangements for fingerlings are hampered by the state dominance in the fish breeding and
fry production operations. The fish breeding centers operated by National Aquatic Development Authority
(NAQDA) carry out brood stock maintenance, induced breeding and hatchery operations and post larvae
to fry stage production. The level of supply is restricted due to capacity constraints of the fish breeding

centers owned by the State and non participation of the private sector in the breeding operations. The
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State monopoly in the fish breeding operations and non-commercial pricing schemes tend to discourage
private entry participation fish breeding and hatchery operations. Enlisting participation of small private
entrepreneurs under buy back arrangements has increased the capacity of the fingerling rearing
operations to some extent. However, as this contract based rearing arrangements for fingerling supply

restrict open market operations, potential growers have to rely on the state apparatus for fingerlings.

b) Poor marketing infrastructure and low price

The marketing infrastructure for SCBF products is at a rudimentary stage. The fish landing infrastructures
facilities are nonexistent at most reservoirs inconveniencing both the sellers and buyers. Fish handling
and cleaning facilities are not available and organized fish auctioning arrangements to induce price

competitiveness is absent. There is no price reporting system for SCBF products.

In the absence of a regulated harvesting procedure, opportunities available for better prices for the
producers are lacking. Proper post harvest methods and preservation techniques including value addition

are not used widely. These result in offering of a low price for the produce.

Institutional & organizational capacity, information and awareness batrriers:

¢) Inadequate Research & Development and Training Facilities

SCBF gained momentum in most countries in Asia with technological developments such as artificial
propagation of popularly cultured species that lessened constraints on seed-stock supplies. However,
ensuring supply of adequate seed stocks within a short time span during which the water bodies begin to
fill is a recurring constraint faced by SCBF. As SCBF is a new technology, effective extension and
training services must be available and continued over several years until the SCBF practitioners
become proficient in technology. In Sri Lanka, research relating to SCBF technology development and
training for entrepreneurs interested in fingerling rearing and production remain the prerogative of the

State, yet are underfunded and under developed.

Social, cultural, behavioral and information and awareness barriers:

d) Non favorable consumer preferences and social biases

Lack of consumer preferences and social biasness against freshwater fish further dampens the prospect
of the SCBF as a major alternative to marine fishery products. As the fish species used for SCBF are
exotic species introduced in the last few decades, consumer awareness and education is important in

promoting consumption. The strong odor associated with fresh-water fish is not liked by some

consumers.
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Policy, legal and regulatory barriers

e) Inadequacy of Government Policy

Technology development, extension and training of SCBF is currently being carried out by NAQDA under
the State patronage. However, many of the water bodies used for SCBF activities come under the
jurisdiction of the Provincial Councils (PCs). Officials functioning under the Provincial authorities are
responsible for decisions relating to water use from these reservoirs such as issuing water for irrigation.
Therefore, a stronger collaboration with the PCs is essential for the development of SCBF. However, the
tendency of the NAQDA to operate SCBF programs through its network of District Offices sans closer

engagement of the provincial authorities appears to be a hindrance for the progress.

Network failure barriers:

7) Poor institutional arrangements for stakeholder participation in policy making

The policy decisions relating to SCBF development remain strictly a state affair with no arrangements for
industry representation in the policy and strategy formulating processes. In the absence of such
stakeholder consultation, decisions relating to future strategy are communicated only through
pronouncements by State Agencies. This State Agency centered development approach in the SCBF
sector has not catalyzed proper institutional arrangements for stakeholder participation in policy making.
Therefore, much of the decision making relating to capacity expansion, product development, area
selection etc are taken without stakeholder consultations. Scattered and unorganized nature of the
producer groups as well as lack of direct linkages between key industry participants such as fingerling
rearers and growers is not conducive for exchange of views. In the absence of focused efforts to
strengthen coordination between these groups and the State actors opportunity for providing input to

policy processes is nonexistent.

Technical barriers:

g) Inadequate product standards, codes and certification

Inadequate product standards, codes and certification were recognized as a technical barrier to SCBF
development. The size of fish harvested varies widely due to the adoption of unregulated harvesting
practices which has no standards on size/weight for fish to be eligible for harvesting. Good management
practices in rearing fish needs to be followed by proper harvesting procedures to ensure sustainable
industry development. The use of environmentally responsible management practices at all stages of
production can be ensured by introducing appropriate codes of practice, product standards. Certification
of product helps to establish consumer confidence that the SCBF products are produced and marketed

following the best management practices sanctioned by the industry.
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Information and awareness and other barriers:

h) Water quality degradation

The village reservoirs that host SCBF are multi-user, multi-purpose structures that service irrigation,
domestic and recreational needs of the village residents as well as requirements of livestock. They suffer
from the problems associated with the management of common resources and thus face threats from
pollution, largely of non-point source type. However, the fresh water fish requires water that is free of
pollution including suspended solids and other harmful substances. The pollution status of water bodies
progressively worsens towards the tail-end of the dry period, during which time much of the fish growth
takes place. Such a situation acts detrimental to CBF activities as fish are sensitive to water quality in
which they habituate.

1.2.3 Identified Measures

The identification of appropriate measures to overcome the barriers was done through a stakeholder

consultation process supplemented by literature reviews and expert inputs.

1.23.1 Economic and financial measures

Measures identified to overcome the economic and financial barriers are aimed at improving the
recognition of SCBF as a promising industry requiring patronage for providing some assistance for

capital development and risks involved at early stages.

a) Barrier: Inadequate availability of financial resources
Measures: Assuring adequate availability of financial resources

The 2 month long fingerling rearing nursery operation from fry stage up to stocking is carried through a
public-private partnership arrangement of outsourcing to small and medium producers. The initial capital
requirement for the construction of protected cages or ponds is substantial and the returns to investment
are received over the life span of the structures which is 3 years for cages and 10-15 years for ponds.
The cost of a 100 m2 pond is about Rs. 80,000 and several of these ponds must be operated for
economic viability. Therefore, the initial investment cost is substantial for an average farmer requiring

some form of long-term credit facility.

Also, potential investors as well as financial institutions such as banks are unaware of potential returns
on investments from SCBF activities. This makes it difficult to find investors and funding sources for
fingerling nurseries as well as for tank-based culture operations. Also, as SCBF is being a community
activity for which the consent and agreement of various user-right holders in a water body is required.

Model investment plans or other easy communications methods become imperative for securing support
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all stakeholder groups. A study carried out with fingerling cage culture showed a rate of return of 13%
after taxes whereas studies from different countries have shown rates of return as high as 58%. Thus,
producing model investment plans for operations of different scale would be useful to find more investor

groups to enter into SCBF activities.

b) Barrier: High risk of investment

Measure: Lowering the risk of investment

An insurance scheme to cover risks in the cultured fishery, especially fingerlings nursery operations will
encourage investments in the industry. Although, there are no serious disease related risks in SCBF as
with other aquaculture operations, there is high probability of occurring problems related to substandard
feed and water quality etc. Therefore, some risk bearing tool will be an encouragement to potential

investor.

1.2.3.2 Non-financial measures

Measures to overcome barriers that are of non financial nature are spread over a wide spectrum of

activities and are described below by key measures identified.

Market failure measures:

a) Barrier: /nsufficient and weak supply arrangements for fingerlings
Measures: Strengthening adequate supply of fingerlings

The supply of fingerlings remained a State monopoly until it was recognized lately that the State
agencies alone cannot meet the demand. This resulted in enlisting private nurserymen to operate fry to
fingerling rearing operations thereby significantly enhancing the supply capacity. However, fish breeding
and hatchery operations still remains with NAQDA and prices of fry and fingerlings are regulated by
them. Fish breeding is an expensive and complex operation requiring importation and maintenance of
brood stock, induced breeding through use of hormones etc. Private sector venturing into fish breeding
requires the government adopting an incentive strategy to encourage investments and enabling stable
policy environment over a sufficiently long period to ensure return on investments. Also, pricing of fry and
fingerlings must be determined in a manner to make it profitable. In fact, the control of market for fry and
fingerlings hinder open market opportunities which enable attracting private sector investments in

hatchery and nursery operations.
Fingerling buy back and allocation by one agency act as a disincentive to develop an identity for quality.

Instead a more market-oriented system that improve awareness on sources and availability of fingerlings

and quality certification system would better serve the interests of the nurserymen and fish farmers.
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b). Barrier: Poor marketing infrastructure and low price

Measures: /mproving marketing infrastructure and price

Marketing of SCBF produce operates at a primitive state due to lack of attention to market and product
development. Marketing services are often provided by fish vendors who have little relationship with the
production system, particularly those engaged in non perennial SCBF operations. The seasonal nature of
production does not encourage developing a long standing relationship between market agents and
producers. However, supporting the development of producer associations involving all stakeholder

groups including the marketing agents can be mutually beneficial thereby permitting development of a

supplynet wor k and better coordinated harvesting schedul

The introduction of a marketing information system will facilitate closer collaboration and improved pricing

for producers.

Staggered harvesting can be used to promote marketing fishof st andar d si zeofisizest ead

as happening with one time harvesting. It will promote the consumer acceptance and market
development. Given the range of sources from which inland fishery products are supplied, it is necessary
to introduce a quality control system and a good SCBF reservoir management system to ensure

consumer confidence on quality.

At present SCBF products are mostly consumed by inhabitants living in close proximity to the production
sites. This has restricted the development of larger consumer base and price competitiveness. Presently,
SCBF products are marketed at a significantly low price when compared with that of the marine fish.
Promoting SCBF produce in areas where marine fish products are marketed should be undertaken as a
market development strategy. Identifying new markets and value addition will enhance marketing options
for producers. It will effectively extend the production season making fresh-water fish available over a

longer period beyond the short harvesting period.

Institutional and organizational capacity, information and awareness measures:

c). Barrier: /nadequate R&D and Training Facilities

Measures: Assuring adequate R&D and Training Facilities

Adequate Research and Development including research on the best fish species for culture, improving
fish breeding, hatchery and fingerling production operations are a prerequisite for SCBF industry
development. Competing priorities inhibits sufficient state investment in R&D. Improving the R&D
infrastructure through collaborative arrangements between the state and private sector and providing

incentives for R&D activities by the private sector would help improve the situation.

The training capacity of the State sector is far too limited and such facilities are not accessible to a

majority of farmers who are potential investors in culture operations. Therefore, it is necessary to
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establish new training facilities in locations more accessible to stakeholders and also to expand the
capacity of the existing facilities. Although, traditionally fishery is not considered as a farming activity,
greater awareness on the SCBF as a supplementary source of income for the villagers engaged in

agriculture would enhance farmer participation in SCBF-.

Social, cultural, behavioral and information and awareness measures:

d). Barrier: Non-favorable consumer preferences and social biases
Measures: Improving consumer preferences and overcoming social biases

With the fish species utilized for SCBF being exotic species and not considered a worthy alternative to
traditional freshwater fish, raising awareness and improving product quality can help overcome such
inhibitions. Promotional activities highlighting benefits of freshwater fish as a source of safe food for
consumers of all ages and introducing new value-added products are some measures to enhance its
acceptability. Quality control and inspection system to ensure production and marketing under hygienic

conditions will also bolster consumer confidence.

Policy, legal and regulatory measures:

e). Barrier: /Inadequacy of Government policy

Measures: /mproving Policy Coordination

A mechanism to engage the Provincial Authorities in the decision making process related to SCBF
development in water bodies falling under the authority of the PCs is essential to overcome the existing
communication gap between NAQDA, an agency functioning under the National Government and the
Provincial Councils. An approach that creates stronger partnership with local authorities and improving
coordination is required. This can be achieved by establishing a policy coordination mechanism with due

assignment of responsibilities for the aquaculture development at the local level.

Network failure measures:

f). Barrier: Poor institutional arrangements for stakeholder participation in policy making

Measures: /mproving institutional arrangements for stakeholder participation in policy making

A broad range of actors are involved with SCBF including fingerling suppliers, farmers, irrigation and
reservoir management authorities, fish vendors and other market agents, consumers etc. Establishment
of a consultative mechanism to engage industry and planners to enable strengthening policy making
process is an important requirement for industry development. However, such a process should be

accompanied by a greater liberalization of the industry operations, starting with enhanced private sector
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participation in fingerling supply process as the present system of operation provides little opportunity

and incentive for collaboration.
Technical measures:

g). Barrier. Inadequate product standards, codes and certification

Measures: /ntroducing product standards, codes and certification

Products standards, codes and inspections are neither recognized nor followed as much as that for
marine products. Introducing quality control measures and good management practices will strengthen
the product identity and competitiveness. Product safety and quality can be ensured through the

establishment of a regular monitoring scheme for both fingerling production and marketable fish.
Information & awareness and other measures:

h). Barrier: Water quality degradation
Measures: Preventing degradation of Water quality

It is well known that inland fishery industry depends on seasonal and perennial reservoirs and water
quality affects both fish productivity and quality. Therefore, water quality needs to be monitored regularly
and analytical results must be assessed against a set of standards. Records of such analytical results
should be publicly available. All water users of the reservoirs should be educated on ways of water

quality deterioration by human activities and actions required to minimize such incidences.

1.3. Barrier analysis and possible enabling measures for Technology 2:

Sustainable Land Management (SLM)

Sustainable Land Management (SLM) is aimed at sustaining healthy soil and restoring degraded land in
the country for ensuring food security, alleviating rural poverty and hunger and building resistance to
major environmental challenges. Land degradation has already taken place to various degrees and the
objective of sustainable land management has to focus on restoring such degraded land while preventing

further degradation of any unaffected land to ensure continued ecosystem health and functions.

1.3.1 General description of Sustainable Land Management

Sri Lanka with a population of little over 20 million people in an area of 65,525 km2 is one of the 19
countries with high population densities. Land degradation is among the most serious environmental
problems in the country and badly affects the economic development. Land degradation is widespread

and occurs in all agro-ecological regions at different intensities. Land is interconnected with other natural
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resources such as the air, water, fauna and flora, which are essential for human survival. Well managed
land help to protect environment and natural resources and facilitate continued accomplishment of

ecological functions and services in a sustainable manner.

Land degradation in the country has manifested in several ways; heavy soil losses; high sediment yields;
soil fertility decline; compaction, crusting and sealing; water logging; lowering of the soil surface; loss of
productive functions; landslides; salinization; alkalinization; acidification including both desertification
and formation of acid sulphate soils; iron toxicity development; nutrient and agro-chemical accumulation;
indiscriminate disposal of waste and eutrophication. Out of those, soil erosion/sedimentation and saoil
fertility decline are the two most significant degradation processes taking place and heavy soil losses and
high sediment yields caused by soil erosion are the most severe. At present, 44% of Sri Lankan
agricultural lands are facing the problem of soil erosion.34 This is evident in high rates of soil loss i.e; 100
tons/halyr in the hill country on sloping lands under intensive cultivation of vegetables and potatoes,
poorly managed seedling tea and chena (shifting) cultivation.®> Hence, human induced land degradation is

more significant than that by natural forces in the country.

Synergetic and additive outcomes of sustainable land management (SLM) assure conservation of land
associated natural resources and thereby increase agricultural and livestock productivity. All of these
directly increase the nation s ability to withs
be widespread. Socio-Economic benefits and Environmental benefits of SLM are shown in Table 1.2.
Ref. Annex D-l1 - Technology Fact Sheet on Sustainable Land Management: Technology Need
Assessment and Technology Action Plans for Climate Change Adaptation: Part 1- Technology Need

Assessment Report for further details.

Table 1.2: Benefits of Sustainable Land Management

Socio-Economic benefits Environmental benefits
1 Increased food security 1 Lowered reservoir de-silting and other off-
1 Increased profitability from farming site costs
1 Reduced food costs to consumers 1 Reduced downstream sedimentation and
1 Increased land and agricultural productivity siltation
1 Creation of employment 1 Reduced contamination of soil and surface
91 Alleviate rural poverty and ground water
1 Improved livelihoods, human well-being and | § Reduced GHG emissions
social sustainability 1 Minimize non point source pollution
Improve ecosystem sustainability
3 DOA, 2004.

4 National Land Use Policy, 2007
5 Upper watershed Management Project Final Report, 1997
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Sustained ground water quality/quantity
Secured bio diversity
Improved health of mangrove ecosystems

Improved health of coral reefs

= =4 -4 A -2

Reduced risks of natural disasters

Despite continuing efforts, land degradation remains a critical constraint for sustainable development of
land resources of the country indicating that the SLM technology has not been adopted effectively.
Therefore, appropriate corrective action to be taken to address issues pertaining to technology transfer
and diffusion for adaptation of SLM practices. These issues/barriers are often considered complex

requiring a systemic and systematic approach.

1.3.2 Identification of barriers for sustainable land management (SLM)

The process of identification of barriers included stakeholder consultations, literature reviews and
interviews with sector specialists. These prioritized barriers with stakeholder consensus® are described

below

1.3.2.1. Economic and financial Barriers

The adoption of good land management practices are largely determined by economic and financial
barriers which in turn affects the level of investments in SLM related activities. With insufficient budgetary
allocations, the goal of sustainable land management remains elusive, as it often clashes with competing

priorities related to economic development, poverty reduction, health, education, and defense.

a) High cost of Implementation and long term return on investments

Most of the organic methods used for improving soil fertility, such as application of manure and compost,
are very labor-intensive and therefore not practicable for farmers managing relatively large extents of
land or working on distant parcels. Furthermore, the benefits of such practices are long term and most
importantly are dependent on ways in which the technologies are applied. For example, application of
partially processed manure has limitations on its effectiveness due to the loss of nitrogen content and
increased occurrence of weeds, pests and diseases. Land resource management technologies are
knowledge-intensive. Therefore, inexpensive, technically and economically feasible best practices and

alternatives resultingi n signi fi can tneedsto be explared for applicaton. i 0 n

6 Overcoming Barriers to the Transfer and Diffusion of Climate Technologies, 2012
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Absence of significant short term benefits and absence of immediately visible improvements in soil
quality and health due to implementation of conservation practices is appear to be important factors that
detract farmers from the sustainable use of soil conservation practices. Therefore, it is hard to expect
farmer investment on expensive soil conservation structures such as stone terraces that have long-term

pay off.

The soil conservation Act No. 24 of 1951 and as amended in 1996 has introduced provisions to promote
conservation of land resources. However, such legal provisions have not yielded the desired results due

to high implementation costs associated with the recommended measures.

b) High economic cost of conservation practices and social constraints in small land holdings

Sri Lankan agriculture is dominated by smallholders. Nearly 73% of all agricultural land is under
smallholdings (except for about 740,800 ha plantations mainly tea, rubber, and coconut?). plantations
mainly tea, rubber, and coconut). Over 85 percent of agriculture holdings are less than 0.5 ha in extent.
The average holding size has been declining overtime due to fragmentation as pressures on land
continue to rise with population increase.. The small size coupled with further fragmentation of existing
holdings poses a challenge for applying sustainable land management techniques for obvious reasons
such as further reduction in the cultivable land due to application of soil conservation methods.
Therefore, small land holders are faced with difficulties in adopting even those SLM practices that
provide short term benefits. Therefore, application of soil conservation practices that consume land are
not favored in the smallholdings. Most of the mechanical soil conservation practices are often not feasible

in small scattered, irregular holdings distributed over farm territories due to farmer apathy.

Land productivity decreases as a result of physical, chemical and biological degradation of soil as a
consequence of continuous cultivation due to scarcity of land and continued practice of monoculture
farming on such small land holdings without appropriate land management practices. In effect, soils have

been mined of nutrients and farm yields and incomes declined.

C) Low public and private investment on research and development

Availability of economically feasible, environmentally friendly; scientifically sound options for a particular
situation is lacking owing to the limited research on land management and soil conservation. National
budget appear not to recognize land degradation and SLM as a priority issue. Thus public and private
investments on research and technology development remain low and under funding of extension
services and public institutions dealing with environment and natural resources management continues

prevail. This presents a serious constraint to SLM adoption and mainstreaming. Under such

7 Department of Census and Statistics, 2013
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circumstances it is difficult to strengthen research-extension farmer/end user linkages that are critical for

sustainable adoption of good husbandry practices.

Low funding for research and extension can be attributed to a lack of a proper assessment of
environmental services in monetary terms and near absence of institutionalization of payments for
environmental services. The benefits to soil conservation practices extend well beyond sustainable land
management and the recognition of wider environmental benefits must be acknowledged. Identification

and estimation of such benefits can strengthen the calls for greater funding for SLM.

d) High dependency on land for livelihoods resulting in high land pressure

A very large proportion of the labor force in the country is dependent on land to earn a living. The
creation of employment and income opportunities outside agriculture sector does not take place at a
significant rate to enable reduce dependency on land related enterprises as a primary income source.
The majority of the farming population is identified as small scale subsistence farmers. Those farmers
are mainly concerned with immediate benefits from their fields rather than future gains from land
development programs. In general, over-exploitation and mismanagement of land lead to declining soil
productivity. The over-exploitation is partly due to accelerated investment that seeks profit maximization
with little or no effort at maintaining soil productivity. It is widely accepted that declining land productivity
from land degradation and poverty are closely linked. Thus, this dependency operates as a vicious cycle

that reinforces negative effects of land mismanagement.

1.3.2.2 Non-financial barriers

The non-financial barriers are either policy, legal, regulatory or enforcement related or resulting from

knowledge or skill gaps. These barriers are,

Policy, legal and regulatory barriers:

a) /nsecure Land Ownership

In Sri Lanka the overall land-man ratio (Total land area of the country/Total population) is about 0.36
hectares, and net per capita land availability is only about 0.15 hectares. The remaining area of 0.21
hectares per person is not readily available due to it has been either designated for conservation or
limited by topographical or ecological constraints8. Land balance sheet given in the Table 1.3 shows that
nearly 35% of the total land area of the country is under agricultural uses and about 31% under forest,
wild life conservation and catchment protection. This data reveal the nature of growing pressure on the

land resources particularly on agricultural lands due to population increase.

8 FAO, 1999
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Table 1.3: Land balance sheet for Sri Lanka

Land use Area (Ha)

1 | Utilized land (agricultural and urban) 2,635,000
2 | Forests, wildlife conservation and catchment protection areas 2,000,000
3 | Sparsely utilized land (under poor quality tea, patana grass, etc.) 728,800
4 | Reserved land (reservoirs, stream banks, roads, etc.) 585,300
5 | Steeply sloping land (sloping excessively for crop production) 380,000

6 | Barren land (rock, sand, poor vegetation cover, etc.) 77,000

7 | Land over 5000 feet/1500 meters altitude 76,400

8 | Mangroves and marshes 70,000

9 | Total 6,552,500

Somasekeram (1996)

In the country, land policies deal with five different forms of tenure categories. They are private lands,
state lands, alienated state lands, Un-regularized encroached lands, and regularized encroachments of
state lands. According to the most recent data available, approximately over 83%, or about 5,440,000 ha
of the total land area of 6,552,500 ha of Sri Lanka are under some form of State control and 27 percent
of rural farmers formally landless®. This apparent land shortage has been a significant contributory factor

in the high level of encroachment onto State land thereby rapidly decreasing forest cover.

The difficulty in getting ownership of State lands encroached by farmers creates a very poor interest for
the proper utilization of lands for higher agricultural productivity. Majority of the agricultural lands in the
country belongs to the State and farmers have only usufruct rights. People who make use of land without
proper title or title deeds often do not take any interest or motivation on conserving soil or increasing land

productivity due to their uncertainty in ownership.

A large number of farmers in the country are used to cultivate the land not owned by them on the basis of a

primitive tenancy system known as Ande (the tenant

That t witemating cultfvation). Lack of clarity about land tenure presents a constraint to assessing

land degradation problems and implementing sustainable land management practices.
b) Inadequacy and poor enforcement of Policies, laws and regulations
Some of the subsidies/taxes imposed by the government from time to time have contributed to

accelerating land degradation, especially the soil erosion, e.g. Potato cultivation in Sri Lanka where

farmers are given many concessions from seeds to fertilizer and at the same time high protection from

9 Ridgway and Silva, 2001
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taxes on imported potatoes. This has lead to increased potato cultivation especially in unsuitable land

such as steep slopes of the upcountry intensifying soil erosion.

The high subsidies paid by the government for nitrogen, phosphorus and potassium fertilizer in recent
years have resulted in soil fertility degradation from imbalances due to build up of high residual
phosphorus and potassium levels in soils. Due to unrestrained applications of fertilizer results in the
aggravation of pollution of water bodies leading to eutrophication. The availability of fertilizer at heavily
subsi di zed prices caused tthest nlmad ed afl e mptriolgir aenr froa c ot
totally ineffective. Many other safeguards are provided in national legislation relating to environment and

soil conservation which are undermined by such short sighted policies.

Human Skills barriers:

¢) Inadequate knowledge on appropriate land management techniques and new challenges to

sustainable management

Poor, inappropriate or non-use of land management and agricultural practices are the main causes of
physical, chemical and biological degradation of cultivated land, thereby leading to overall loss of
ecosystem productivity and health. At the |1 ocal | eve
management practices is often limited to traditional techniques and knowledge that has been transferred
through generations. However, what might have been a sustainable land use practice in the past may not
be viable anymore due to impending vagaries of CC. New technologies and information on how to adapt
traditional technologies to the new challenges are key priorities. For example, many farmers live and
work in isolation, without full access to data and information that are essential for choosing the right crop
variety, estimating the right amount of irrigation water, precision farming techniques, application of soil
test based fertilizer recommendations and preparing for a severe drought period or a potential natural

disaster.

Greater awareness is a key factor in relation to soil quality resilience and the renewal of soil fertility. This
can be achieved by r ai aenitregnaghitade rofethe psobleknnandwtheeresgltant

damage.

Among farmers, lack of basic knowledge of modern cultivation practices such as use of agricultural
machinery, preparation of HYV seeds, timely and actual quantum of irrigation, proper use of pesticides

and fertilizers etc, impedes the process of achieving higher productivity and efficient land management.

There is an urgent need for skills and experience to support land managers in moving toward more
sustainable land use systems. Providing opportunities for land managers to up skill themselves on
climate change and sustainability issues so they can increase resilience and profitability is essential as

climate change technology transfer needs are ambitious and will not be achieved with current capability.
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Institutional and organizational capacity barriers:

d) Low priority to conservation in non-agricultural land uses

According to the land use balance sheet only around 35% of the total land area of the country is used for
agricultural activities. The share of non-agricultural land uses is rising rapidly with residential, economic
infrastructure and recreational developments assuming greater importance with economic growth.
Sustainable land management is not mainstreamed by incorporating conservation into these
development policies, strategies, legislation and regulations. Results of actions that cause severe
disturbance of land resources and irreparable damage are often visible where large, land-based
infrastructure projects have been implemented. Thus, making conservation a requirement in

development projects that disturb land must be undertaken as a priority.

e) Poor relevance of broad-spectrum techniques adue to diversity of land, weather, soil, terrain, size, land

formation and land use

The large diversity of climate is the most significant feature observed in the country despite its small size.
Rainfall distribution in Sri Lanka has traditionally been generalized in to three climatic zones; Wet zone,
Dry zone and Intermediate zone. However, availability of more spatial and temporal data, and
advancement of GIS technology have led to 46 agro-eco-logical sub regions on an enhanced scale in
200310, Considering based on process of formation and morphology characterized by relief, landform unit
and their arrangement within the physiographic region, different land systems were identified for the
major Agro Ecological Zones (AEZ) in Sri Lanka. Hence, type, intensity and the severity of land

degradation demonstrate diverse pattern and magnitude.

Network failure barriers:
) Poor coordination among stakeholder organization

In the present context a large number of Ministries, Departments and agencies are vested with
responsibility of the implementation of environment protection related laws (Acts and Ordinances),
statutes, regulations and rules. There are overlaps in responsibilities among the institutions on one hand
and conflicts of interests on the other hand. Each agency plans development activities and executes
programs in isolation without adequate coordination with other relevant stakeholder organizations.
Therefore, mechanisms for improved inter-agency coordination becomes critical for achieving the set

targets of given program.

10 Punnayawardana, 2003
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Social cultural and behavioral barriers:

g). Single or individual efforts are not effective

There can be no sustainable natural resource management unless it involves the participation of all
inhabitants of the concerned environment/area in an active manner. Environmental regeneration is
possible only when the concerned people realize a need for it and are empowered to have control over

the process of resource utilization, management and conservation.

Given the diverse and heterogeneous nature of the land holdings of the different ecosystems in the
country, piecemeal approaches such as contour bunding or terracing on individual holdings or a group of
farms only marginally beneficial if done ignoring impacts on the neighboring area of which the
hydrological characteristics are influenced. Such stand-alone actions generally fail to attract farmers as
they do not acquire benefits proportional to the efforts and investment made and simultaneously create
more degradation problems as well. Thus, to maximize advantages, all development activities should be

carried out through a participatory, interdisciplinary and in a comprehensive manner.

1.3.3 Identified Measures

Measures to overcome barriers identified through a stakeholder consultation process and validated using
results of analysis reported from national and international experiences with managing land degradation

and promoting SLM are listed below.

1.3.3.1. Economic and financial Measures:

Unless some assistance is provided, awareness raising and education alone cannot entice small
producers to undertake appropriate SLM practices. Compared with cost of crop cultivations, SLM
practices are generally more expensive. Also, benefits of adopting SLM practices are not immediate and
usually spread over several years. Therefore, small producers are not able to undertake such practices
without some assistance to compensate related costs. There is also a range of off-site social benefits in
terms of broader environmental services associated with SLM activities such as water conservation,
ground water recharge, erosion control and prevention of silting of public water bodies etc. Therefore,

some SLM practices qualify to receive subsidies and other assistance from the State.

a) Barrier: High cost of implementation and slow return to adoption of land management

Measures: /ncreasing affordability and returns to adoption of land

In view of high implementation cost of soil conservation and other related practices for inputs such as

labor, materials, equipment and technical know-how, farmers have reluctance towards adopting proper
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land management measures. Economic incentives such as compensation mechanisms for environmental
services is seen as a means promoting investments in capital and labor intensive SLM practices such as
soil and water conservation technologies. Farmers with marginal land holdings are compelled to use the
land intensively without due consideration for alternative options such as crop rotation, fallowing or even

proper application of farm yard manure and other inputs.

Therefore, an attractive incentive program needs to be introduced to promote using organic fertilizer and
other sustainable land management practices. Training on soil conservation practices and also
availability of information on impacts of soil erosion, importance of soil conservation and modern low cost

soil conservation techniques are also critical.

Several types of direct economic incentives have already been used to develop the ability and
willingness of farmers to use soil conservation practices. The most widely used direct economic
incentives have been compensation for labor and support with equipment. While the incentives have
enabled the construction of massive soil conservation structures and the use of biological means for soil

conservation, the continued use of the practices once interventions are phased out had been low.

The Government of Sri Lanka established a price subsidy for chemical fertilizer for the first time in 1962,
at the onset of Green Revolution and is being continued for more than four decades. It is widely accepted
that the fertilizer use has led to increased land productivity, and by presumption it increases the farmer
ability to implement some conservation measures and also made it more beneficial to adopt SLM
practices. However, the impacts have not been positive in this regard, as farmers have turned exclusively
to the use of chemical fertilizers ignoring the use of farm yard manure and other organics. Also, the
increased productivity due to green revolution technologies hassled to the cultivation of fragile lands

previously not used for any cultivation.

The granting of the fertilizer subsidy has become a delicate political issue with successive governments
using it to garner farmer support. Presently, a fifty kilogram bag of fertilizer is provided at Rs. 350 under
the subsidy scheme for paddy. For other crops, a 50 kilogram bag of single nutrient fertilizer is supplied
at Rs. 1,200 and a mixed fertilizer bag at Rs. 1,300. The actual cost in the open market is between Rs.
3,500-5,000. The government has allocated Rs. 54 billion this year (2012) for the fertilizer subsidy. The
allocation for the implementation of soil conservation practices is a paltry Rs. 10 million. On the average,
a smallholder farmer has to spend at the least Rs. 60,000 to establish contour drains in an acre of land.

But, only a fraction of that will be covered under the soil conservation subsidy.

One of the key lessons learnt in promoting preventive measures to combat land degradation is to put in
place SLM packages that link economic and financial incentives for the majority of smallholders. In order
to encourage soil conservation at the farm level, future programs should incorporate an appropriate mix
of direct and indirect incentives. Compensation for installing soil conservation structures, subsidizing

seed supply and planting materials and application costs of organic manure can be used as direct
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incentives, whereas training, technical support and extension services are common indirect measures.
Promotional activities such as recognition of the best adopters through competitions and award schemes

can be introduced.

The cost of implementation over a 10 year period is US$ 11.0 million.

b) Barrier: High economic cost of conservation practices and social constraints in small land holdings
Measures: /ncreasing affordability of conservation practices and reducing social constraints in small land
holdings

Current practice of designing and implementing soil conservation and similar land management practices
are based on individual holdings. The quantum of payment is generally linked with size of the holding
subject to a maximum. However, in small farm situations where small holding are involved,, in some
instances such as those lands on steep slopes the actual economic cost per holding could be prohibitive.
Planning and implementing SLM practices on a watershed basis would permit minimizing impacts on
smaller holdings and lowering the overall cost of adopting SLM. But, the current practice of determining
appropriate measures and payments at the farm/farmer level does not permit such innovations. The net
effect of this is that the actual quantity of conservation implemented is sub-optimal. Therefore, economic
incentives such as subsidies should be designed and implemented for the total watershed, with variable
payment schemes based on the nature of SLM practices adopted. This provides an opportunity to small

scale resource poor farmers for acquiring suitable technologies and adopting sustainable practices.

The cost of implementation over a 10 year period is US$ 3.5 million

C) Barrier: Low public and private investment on research and development
Measure: Raising public and private investment on research and development

SLM related R&D expenditures are grossly inadequate to enable study and recommend site specific
solutions to diversity of situations. The use of modern technology such as GIS mapping, satellite imaging
etc can be used to provide rapid solutions to users. As the availability of budgetary provisions from the

domestic sources is not sufficient hence harnessing donor support should be explored.

The cost of implementation over a 10 year period is US$ 9.0 million.

d) Barrier: High dependency on land for livelihoods resulting in high land pressure
Measure: Lessening dependency on land for livelihoods to reduce pressure on land

In an expanding economy where agriculture sector is dominated by smallholdings it fails to raise incomes
to match the non agricultural incomes. Therefore, livelihood development needs to be considered as a

combination of both on-farm works and off-farm activities in order to generate a sufficient income for rural
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inhabitants. However, given the limited opportunities for alternative income generation, the rural people
are forced to dependent on land for a livelihood and incomes. Therefore, in an effort to maximize
incomes from the lands the farmers resort to intensive cultivation practices with less regard to
conservation needs, which either reduces the extent available for SLM or any capital that would be

available for investing in SLM, is ploughed back into cultivations.

Generation of off-farm opportunities that can be availed by farmers is required to enable moving farmers
away from heavy dependence on intensive exploitation of land with less regard to conservation needs.
This approach will be challenging as it is an essential aspect of an economy-wide solution. Short-term
solutions such as hydro-phonic cultivation of high value crops which is favored from a conservation point

of view can be considered initially.

Livelihood improvement projects such as agro-processing, Bee keeping, Mushroom production and
Culture Based Fisheries that are basically not dependent on the land can be set up for long term

employment generation.

The cost of implementation over a 10 year period is US$ 1.5 million.

1.3.3.2. Non-financial measures

Policy, legal and regulatory measures:

a). Barrier: /nsecure Land Ownership
Measure: Securing Land Ownership

Secure land rights is a key determinant in the context of increasing land productivity and enhancing
agricultural development. Ensuring land ownership rights encourage land owner to invest in appropriate
land management practices. Therefore, it is required to safeguard the ownership rights to land through

the provisions of legal instruments such as long-term leases or transfer of ownership.

Sri Lanka has been attempting to establish a suitable policy and legislative framework particularly since
the colonial period to settle the clouded land tenure structure towards greater equity and freedom to
utilize it as an economic non-renewable natural resource. Ensuring the ownership of the process is not a
simple task. To r e BimlSaviga program is isnplamented tintee the provisions of
Registration of Title Act No. 21 of 1998 as a national program from year 2007. Under this program, lands
are surveyed, demarcated and a Title Certificate is issued free of charge to ensure the ownership. Four
government Departments viz; Land Settlement Department, Survey Department, Land Commissioner
General's Department (under the Ministry of Land & Land Development) and Registrar General's
Department (under the Ministry of Public Administration) are jointly involved in this Program. However,

the pace at which the project moves forward is considered too slow to make a significant impact.
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The cost of implementation over a 5 year period is US$ 0.05 million.

b). Barrier: /nadequacy and poor enforcement of Policies, laws and regulations

Measures: Introducing and enforcing land management policies, laws and regulations

Legislation on land conservation is based on top-down, command and control regulations that rely on
compliance and enforcement. In practice, the government's inability to enforce the laws effectively often
leads to perverse behavior by local land users. In such cases, laws and regulations are often poorly

understood, ineffectively enforced, and subject to varying interpretations.

It is also necessary to raise the skills of field agricultural advisory officers to make them effective change
agents by enhancing their skills to provide adaptive solutions that suit the physical conditions and socio-
economic background of the farmers. It is not possible to practice a standardized methodology with a
diverse group of small farmers whose economic capacity and the level of knowledge spread over a wide
range. The capacity of the field extension officers to interact effectively with farmers needs to be enhanced
for them to be able to work with farmers with diverse backgrounds and resource capacities. Awareness and
education through well placed, on-farm demonstrations and other methods of farmer education and

capacity building will be necessary to underpin such efforts.

Furthermore, forthright enforcement of legislation is necessary to protect credibility of the regulatory
system as it remains an integral instrument in ensuring compliance. However, such efforts should be
supported by sincere efforts to raise awareness and education on the importance of the purpose of the

legislation.

The cost of implementation over a 10 year period is US$ 0.5 million

Human skills measures:

c). Barrier: /Inadequate knowledge on appropriate /land management techniques and new challenges fo
sustainable management
Measures: Raising knowledge on appropriate land management techniques and new challenges

Sri Lanka needs to develop an evidence based policy for managing land degradation in the areas prone to
be severely affected. Such an evidence based approach requires that policies are based on scientific data
and analysis and validated by prior experiences where such evidence exists. While the relationship
between extreme weather events, poor land management and land degradation has been well recognized,
formulating and implementing a strong land management policy is prevented by the absence of scientific
evidence that can customize it to specific situations. Mainstreaming of land degradation and SLM issues

into national development frameworks and processes, including government budgetary process, would
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involve the development of a policy paper on highlighting the benefits of mainstreaming SLM aiming at

convincing the key line ministries including decision makers at the political hierarchy.

Human resources are the most crucial resources that are very weak. There is an urgent need to train a
critical number of government officials, and other stakeholders such as NGOs, farmers, forest
communities, civil society bodies and resource users by imparting knowledge and developing skills
through training and other means. Institutions dealing with land management are also weak. Capacity

needs include developing mandates, tools, guidelines and information management systems in order for

appropriate institutions to function effectively. Cr eat i on of an enabling envi

policies, programs and projects is crucial at the system level, This would require developing policy,
economic, regulatory, and accountability frameworks (monitoring and evaluation) in the context of land

degradation and SLM.

The cost of implementation over a 10 year period is US$ 3.0 million.

Institutional and organizational capacity measures:

d). Barrier: Low priority to conservation in non-agricultural land uses
Measures: Ensuring proper attention to conservation in non-agricultural land uses

Increased allocation of land for non-agricultural purposes, a trend associated with economic development
driven by the non-farm sector leads to neglect of land management objectives because such provisions
have been historically associated with agriculture, as it was the heaviest user of land. In order to ensure
practice of SLM as a national responsibility requires bring these non-agricultural sectors under some
discipline. This may be achieved by identifying SLM as a social responsibility not limited to agriculture
sector and giving it necessary consideration as a priority area. Land conservation should be identified as
a national priority in all land uses.

The cost of implementation over a 5 year period is US$ 3.5 million.

e) Barrier: Poor relevance of broad spectrum techniques due to diversity of land, weather, soil, terrain,
size, land formation and land use

Measure: /mproving relevance land management techniques under diverse land,  weather, soll,

terrain, size and land formation

New technologies such as Geographic Information Systems (GIS), geo-spatial mapping and remote
sensing technologies are central to achieving a successful transition from traditional environmental and
resource management practices to sustainable development because of their integrative quality (linking
social, economic, and environmental data) and their place-based quality (addressing relationships among

places at local and national levels). Hence, these technologies needs to be made use for developing site
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specific best land management methods applicable in different land classes and environments to reduce

land degradation.

The cost of implementation over a 10 year period is US$ 4.0 million.

Measures to prevent network failures:

f). Barrier: Lack of coordination among stakeholder organization
Measures: Improving coordination among stakeholder organizations

Given the nature of the interventions, inter-agency coordination will be critical for achieving the set
targets. Involvement of numerous state and private sector agencies and actions by individuals and
community organizations will be required for implementing soil conservation measures. The absence of
an effective coordination mechanism impedes efficient utilization of resources for realizing anticipated
outcomes of the interventions due to resource misuse and waste. The establishment of national and
area-wide coordination structures to monitor and support conservation measures in order to bring all

partners under one umbrella can be considered.

The cost of implementation over a 10 year period is US$ 0.5 million.

Social cultural and behavioral Measures:

g). Barrier: Single or individual efforts are not effective

Measures: Promoting collective land management measures

To be more effective, land management should be undertaken through a participatory, interdisciplinary
and communitywide or watershed based approach. Soil conservation, land use planning, farming
systems, forestry and water management are the fundamental elements of a community based land
management system applicable over an entire watershed. In addition, social and economic aspects will
also have a profound impact on land/watershed management. Nutrient management in different farming
systems existing within the catchment is one of the primary sector issues that must be addressed.
Nutrients have a catchment scale effect on all of the sub-sectors in a catchment such as perennials in the
highland areas, seasonal crops and mixed-cropping in the middle and lower sections where each of the

sub-sectors become interdependent.

The cost of implementation over a 10 year period is US$ 3.5 million.
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1.4 Barrier analysis and possible enabling measures for Technology 3:
Crop Diversification & Precision Farming (CD&PF)

Crop diversification involves introduction of a range of crops and animal enterprises within a region or
catchment area. The barriers to technology transfer and diffusion of diversification are inter-related and

parallel across these different enterprises requiring a holistic approach.

141 General description of the technology - Crop Diversification & Precision

Farming

Crop Diversification and Precision Farming is aimed at increasing diversity and enhancing the capacity of
crops to withstand climate related shocks. Diversity increases the ability of agricultural systems to
withstand effects of rising climate variability and extreme events by serving as a buffer. For example,
engendering diversity can be beneficial in suppressing pest and disease outbreaks likely to be worsened
by CC impacts. Climate change impacts are considered to influence crop growing conditions in a manner

that reverses economic benefits exploited by mass transformation of agriculture into mono-crop systems.

Precision farming can compliment crop diversification in securing a sustainable agricultural system.
Precision farming could match agricultural inputs and practices based on exact need of crops grown in
specific eco system to minimize usage while optimizing efficiency of inputs. Precise application of inputs
as needed and where needed ensur es thargby pratactmgsoib ver us
health and environment. It also reduces use of water, fertilizer, pesticide, and labor and assures quality
produce. In livestock production, precision farming can increase productivity through regulation of micro-
environment, improving feed and fodder production, and assuring timely veterinary care. (Ref. Annex D-1
Technology Fact Sheet on Crop Diversification and Precision Farming, Part 1, Technology Needs

Assessment and Technology Action Plans for Climate Change Adaptation in Sri Lanka)

1.4.2 Identification of barriers for CD&PF

Barriers for effective technology transfer and diffusion of CD&PF were identified through an extensive

consultative process including literature reviews and expert inputs.
1421 Economic and financial Barriers:

The economic and financial barriers identified are Price fluctuation due to unstable import policy and High

cost of cultivation including labor.
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a) Price fluctuation due to unstable import policy

Secondary food crops such as onion, chili, potato and pulses which have an insufficient domestic supply
to meet the demand are being considered as potential choices for inclusion in crop diversification
programs as they are an important import substitution having a ready market. However, Local cultivation
of these crops has met with challenges due to availability of imports at competitive prices. In order to
protect the local producers, the government from time to time has introduced import tariffs. However, with
a view to safeguard interests of both farmers and the consumers these tariffs are adjusted frequently. In
the absence of reliable harvest forecasts and likely market prices, even with frequent tariff adjustments it
has been difficult to maintain prices at levels attractive to producers. Due to lack of information on
production a level, market glut is a common occurrence during the peak harvest season resulting sharp
fall of farm gate prices. The frequent import tariff adjustment often leads market uncertainty which allows

manipulation by unscrupulous traders.

b) High cost of cultivation including labor costs

Relative to rice, the cost of cultivation of other food crops is significantly high!1. The requirement of labor
is high particularly because certain operations cannot be mechanized or requires to be carried out
multiple times. Thus, crop diversification is more expensive to adopt. Unlike paddy cultivation, farmers
are compelled to provide close attention to the management of these crops requiring allocation of more
time for cultivation. Appropriate machinery to carry out field operations is not available. When the crops
are grown in the lowland areas mechanization is difficult due to nature of the land. If the area cultivated
or the prices are not sufficiently higher to guarantee a better income, cultivating highland crops will not be

remunerative.

1.4.2.2 Non-financial Barriers:

Policy, Legal, Regulatory barriers

a). Fragmentation of land holdings

The small size of the agricultural holdings increases production costs. As diversification of crops requires
farmers to spend more time in the farm, potential opportunities available to highland crop cultivators to
earn other labor incomes are minimal. Therefore, the cultivation of small plots of land becomes
unprofitable. Fragmentation of land holdings further aggravates the situation. Farmers do not have titles
to much of the agricultural lands available under the colonization schemes and new irrigation projects

making it difficult to transfer the ownership. Thus, even those farmers who have the interest and capacity

11 DOA, Cost of Production, 2009/2010 Maha and 2010, Yala
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to expand their farming operations cannot obtain land for cultivation. The inability to sell land leads to

further fragmentation due to distribution of the holding among children.

b) Land tenancy arrangements obstructive to diversification away from rice

Tenure arrangements in the lowlands that hold most of the area suitable for diversification do not favor
production of food crops over rice. Traditional harvest sharing arrangements are specified on the basis of
apportioning the rice harvest between the landlord and tenant. In Sri Lanka the tenancy for rice lands is
legally protected with the specified provisions for sharing the harvest between the owner and the tenant.
The diversification of rice lands into other crops requires the consent of the owner, and crop shares have

to be mutually determined. This acts as a deterrent to diversify rice lands to cultivate other crops.

Institutional and Organizational capacity barriers:

¢). Lack of varieties and management packages suitable for diversification

Agricultural diversification simply implies increasing the range of agricultural commodities produced at
the farm level. In the context of climate change, agricultural diversification entails more than merely
growing other crops in place of paddy. Increasing diversity of cultivated crops by itself provides some
resilience to climate change impacts. However, the varieties of crops chosen for cultivation must also
provide greater resistance to climate impacts, and accompanied by management practices that reinforce

this resistance.

To a great extent, availability of short-aged varieties having high yield potential has enabled farmers to
overcome the vagaries of weather such as droughts and floods and escape pest and disease outbreaks.
In the past farmers maintained a number of short-aged rice varieties that were able to assure some
output during the seasons severely shortened by delayed rains etc. Long-aged varieties were able to
produce bigger surpluses during periods of average or good weather. With the irrigation induced, two-
season cultivation pattern and the market-dominated seed supply system, the age profile of the modern
rice varieties has become standardized at the medium age category. With the synchronized irrigation
schedules, planting takes place almost at the same time everywhere making all lands equally susceptible

to any climate threat.

d). Inadequate post harvest technologies and processing infrastructure

Market-led food production and distribution systems have inadvertently restricted the range of crops and
food products marketed and consumed. Standardization of crops produced, processed and marketed
facilitates handling of large volumes while keeping the supermarket costs low. Therefore, post harvest
technologies and processing infrastructure has developed quite extensively for a limited range of

products, whereas many other products remain ignored.
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Production and marketing of perishable food commodities demand expensive post-harvest handling
technologies and infrastructure including cold chain development. Raising diversity of crop production
systems and protecting sources of farm income requires inclusion of such products in the crop mix.
Some horticultural and floricultural products have a potentially stronger export markets, yet require
extensive and expensive handling and transportation infrastructure. In the absence of their development,

producers are unable to cope up with such market demands.

Market failure barriers:

e). High risk of marketing due tfo seasonal production

Crop diversification necessitates engaging in the production of crops for which the marketing
arrangements are not well developed or volumes handled are not large. Therefore, an even modest
increase in output usually entering the market at the same time due to seasonal production quickly tends
to overflow the markets. Where the volumes handled have been typically low, gluts can occur leading to
waste of produce. This is particularly true with perishable produce such as fruits, vegetables and

horticultural products that have limited handling capacity in place.

7). Under-developed marketing system, No penetration of rural markets and lack of timely and accurate
market information

Lack of market information on the price, demand and supply status, or the absence of market outlets are
adverse situations constraining farmers from producing large quantities. When farmers are not aware of
the price and demand trends, they tend to sell at a price offered by the middlemen or traders. Marketing
of produce from the rural areas could be completely at the mercy of limited number of market
intermediaries who act as middlemen, assembling and delivering the marketed surplus to city-based
wholesalers. The margins kept by such market intermediaries tend to be excessive. In the absence of
timely available and reliable market information including price reporting, producers are compelled to

carry out distress sales even at prices below cost of production.

Information and awareness barriers:

g). Poor technical knowledge on the cultivation of new crops & precision farming

Information on the cultural methods of new crops may not be widely accessible by the farmers as
conventional agricultural extension systems may not be able to readily meet such demands. Even the

information on the input supply networks could be restricted due to information gaps. With the cultivation

of new crops, information needs of producers veer away from the normal comfort zones of rural
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extension workers who are not regularly updated with the latest extension messages. This requires

access to non-conventional information delivery mechanisms.

Precision farming techniques enhance the resilience of crop production systems by integrating and
regulating nutrient management and plant protection systems employing new technology and use of
expert systems and automation. They are also designed to optimize resource use by closely matching
the supply of plant requirements and delivery systems. Some are designed as turn-key systems that
require expertise on the management of complex instrument based operation systems as opposed to
traditional farming expertise. Therefore, the knowledge and skills required to practice precision farming
has to be acquired from other delivery systems than the regular extension systems familiar to farming

community.

Other barriers:

h). Irrigation network designs not practical for diversification

Irrigation in Sri Lanka has been synonymous with paddy cultivation. Except for a handful of lift irrigation
schemes, nearly all surface irrigation schemes have been designed to cultivate two seasons of rice. Land
is leveled to irrigate by flooding. Therefore, even during the water scare minor crop season, preparing
land for other food crops is not feasible. As paddy lands are ploughed to form a hard pan below the
plough depth for the impounding of water, drainage after irrigation or rain is not rapid enough causing

problems for highland crops.

The design of the irrigation schemes for flood irrigation which necessitates directing water flow from plot
to plot is not conducive for highland crop irrigation. Highland crop cultivation thus requires re-design of
the irrigated areas or at least those areas within the scheme, for example land in the upper catena for
highland crop production. This requires cooperation of land owners and policy decisions at the highest

levels.

1.43. Identified measures

Measures identified through stakeholder consultations and validated using recorded national and
international experiences to overcome these barriers are discussed below under categories of economic

& financial and non-financial measures.
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14 3.1. Economic and financial measures:

a) Barrier: Price fluctuation due to unstable import policy

Measure: Contain price fluctuations due to unstable import policy

Unstable import policy characterized by frequent meddling with tariff structure has undermined the
predictability of trade related policy regimes in the country. This has made it difficult for the market agents
to undertake investments with a long-term perspective on the development of trade in a number of key
commodities. A stable trade policy regime is essential for the private entrepreneurs to undertake
investments to develop infrastructure related with warehousing, processing, transportation systems.
Uncertainties arising from changing positions of the Government on the food commaodity imports denied
opportunity to adopt a long-term strategy towards developing post-harvest and marketing systems.
Impacts of this have been felt in the marketing of produce, with the agents providing warehousing, stock-
holding and processing services denying opportunities for large investments. Thus, it is necessary to

adopt a stable and predictable policy regime for produce imports.

The implementation of this measure does not involve any additional costs as it requires only a policy

decision to adopt transparent and stable policy framework.

b) Barrier: High cost of cultivation including labor cost
Measures: Increasing affordability of cost of cultivation including labor cost

Impacts of rising production costs can only be countered by raising productivity for which the most
modern production technology must be utilized. This requires undertaking new investments as well as
use of newer inputs. Like any other economic activity, financial markets should be able to fulfill increased
capital requirements of agro-enterprises. Agricultural credit schemes need to move in to meet capital
requirements of new crops and production systems. As agricultural pursuits are considered inherently
risky, crop insurance schemes, often underwritten by the State are introduced until the farm sector

achieves required maturity.

Increasing labor productivity, of which the costs are rising due to competition for wage labor in the
economy, is the only means to promote viability of farming. Productivity improvement though higher crop
yields and appropriate mechanization must be pushed through to prevent farming becoming unprofitable.
In Sri Lanka, small size of the holding is often cited as a barrier to mechanization, but custom-hiring and
other contract systems for providing mechanized services have evolved in a number of areas suggesting

that farm size alone is not an impediment to appropriate mechanization, at least in some product sectors.

The cost of implementation is estimated to be around US$ 8.0 million over a period of 15 years.
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1.4 3.2. Non-financial Measures:

Policy, Legal, Regulatory measures:

a) Barrier: Fragmentation of land holdings
Measure: Reducing fragmentation of land holdings

Increase of small holdings due to division of land among the siblings, which is the most common form of
assets held, makes farming less attractive to the owner as a source of income. In the absence of a freely-
traded market for land, opportunities available for those willing to exit from farming to dispose off their
lands to raise capital and for those who wish to acquire new land to make their holdings bigger are
lacking At present, in the major irrigation areas informal tenancy arrangements have emerged where
some investors cultivate | arge farms begntsamedgftergverng i n
inefficient to operate. Therefore, it is necessary to liberalize agricultural land markets, with due
safeguards to ensure that quality agricultural lands are not withdrawn from farming. Land consolidation

can be promoted by setting up land exchanges and trading rules.

The cost of implementation is estimated to be around US$ 0.05 million over a period of 5 years.

b) Barrier: Land tenancy arrangements obstructive to diversification away from rice
Measure: Making Land tenancy arrangements diversification friendly

The customary rules for tenancy arrangements for paddy lands were described to discourage
diversification in to non-rice crops even where it is technically feasible and economically profitable. The
fear of loss of tenancy rights prevent the tenant farmers from engaging in non-rice cropping. The tenancy
arrangements must be revised by specifying rental payments in monetary terms in reference to
established production levels for the area and allowing the tenant to give the choice of deciding the crop

to be cultivated.

The implementation of this measure does not involve any additional cost as it requires revising the legal

framework to favor land consolidation.

Institutional and Organizational capacity measures:

c) Barrier: Lack of varieties and management packages suitable for diversification

Measure: Provide varieties and management packages suitable for diversification

Varietal development is important to protect the ability of current production systems to provide food
supplies for everyone. In the event of stressed food supply situation, increase in prices is inevitable

affecting food security of large segments of poor populations. Mixed-crop orchards and vegetable
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gardens with high varietal diversity provide resilience against changing climate. Breeding high yielding
and more stable genotypes of secondary food crops, vegetables and fruits and production and
distribution through the commercial seed supply system must be encouraged to overcome the above
limitation. Cultivars of crops other than rice, such as coarse grain, fruits, vegetables, other food crops

suitable to the agro-climatic conditions have led to diversification and increased production.

The development of new varieties is a technology aimed at building resistance to diseases, pests and
environmental stresses accentuated by climate change, thereby enhancing productivity of and quality,
health and nutritional value of crops. The development of modern varieties is carried out by Plant
Breeders in the Agricultural Research organizations. The active participation of farmers and private
companies must be secured to help selecting, recommending and introducing varieties better adapted to

local climatic conditions.

Although there are thousands of traditional and modern high-yielding varieties of crops in existence, only
a small number of these are multiplied and distributed by the seed producing agencies, while farmers
themselves continue to produce and exchange other preferred varieties due to their proven ability to
adapt to climatic conditions, quality or other reasons. These lesser used varieties serve as a gene pool to

develop new varieties with the characteristics that show better adaptation.

Breeding has tremendously expanded the scope of producing new varieties by facilitating to move
beyond the existing genetic pool. Biotechnology and genetic engineering permits making even more
dramatic and rapid changes in the breeding process. Varietal development reinforced by advances in
biotechnology would be the most potent technology for strengthening adaptation to emerging climate
change impacts. In general, breeding for such high levels of specificity and the management of such
processes is complex and expensive process. But climate change has made it imperative to undertake

breeding of varieties with higher abilities to tolerate extreme, hostile environments.

The cost of implementation is estimated to be around US$ 10.0 million over a period of 10 years.

d) Barrier: /nadequate post harvest technologies and processing infrastructure
Measure: /mproving post harvest technologies and processing infrastructure

Post-harvest technology is used to improve the quality of foods processed and extend availability beyond
the immediate period of production by marketing fully or partially processed products. Promotion of
related technologies require assistance to buy/hire simple machines (for separation of seeds and drying
with higher efficiency and minimization losses for crops such as maize and separation, grading and

processing machines for cowpea, black gram, green gram etc.).

Value addition of high value products would fetch better prices in the market. Production of herbal teas,

organic farming, medicinal soaps, canned vegetables & fruits etc. are other options which can be
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explored in order to enable farmers to diversify their production base. Storage facilities and other post
harvest infrastructure need to be set up initially at strategic locations so as to enable more farmers to use
the facilities. Refrigerated vehicles for vegetable transportation are also required to maintain quality and
freshness. Availability of such basic infrastructures would immensely boost and diversify production.

The cost of implementation is estimated to be around US$ 8.0 million over a period of 15 years.

Market failure measures:

e) Barrier: High risk of marketing due to seasonal production

Measure: Lowering marketing risk arising from seasonal production

Risks associated with seasonality in production also can be overcome through crop diversification related
activities such as cultivation of high value crops under protected-housing (e.g. poly tunnels) in suitable
areas, cultivation of new crops, staggered planting, developing storage facilities (e.g. onion) etc. Carrying
out cultivation activities under Forward Sales Agreements with private/state institutions can be resorted
to manage price risk. Development of crop forecasting services by the State can be undertaken as a

long-term investment.

It has been found beneficial to encourage farmers to organize themselves into producer groups or farmer
organizations in order to make production and marketing more efficient and cost effective. These
associations could be instrumental in strengthening the farming communities by regular dissemination of
information, facilitating increased competition by involving market agents, providing grading and sorting

facilities, provision of group credit, arranging collective transport facilities etc.

The cost of implementation is estimated to be around US$ 5.5 million over a period of 10 years.

f) Barrier: Under developed marketing system, No penetration of rural markets and lack

of timely and accurate market information

Measure: /mproving marketing system, Increase penetration of rural markets and providing timely and
accurate market information

Research studies have shown a direct correlation between farm income growth and improved access to
market resulting from construction of feeder/farm roads. It has been observed that households living near

the roads are generally better off than those residing in remote areas with poor accessibility.
Access to market, induces farmers to change over to cultivating high income yielding crops. Availability of

roads facilitates reducing transport costs of both farm inputs and outputs, thereby increasing the profit

margin of the farmers. Roads are seen as the main factor affecting agricultural diversification. Other
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factors such as availability of resources, support facilities, markets etc. would play an active role only

upon access facilities to market are developed.

It is evident from the above that assured markets and good road network could stimulate agricultural
diversification in favor of high value crops as they help maximize profits and minimize price uncertainty
for the produce. Inadequate marketing facilities could deprive farmers of taking the potential benefits of
cultivating high-value crops. Facilitating establishment of appropriate institutional arrangements for better
markets through cooperatives or contract farming would be highly useful in strengthening farm-firm

linkages.

Better market and road network contribute to reduced marketing costs and easy and quick disposal of

commodities. It also reduces the risk of post-harvest losses of perishable commodities.

The cost of implementation is estimated to be around US$ 12.0 million over a period of 15 years.

Information and awareness measures:

g) Barrier: Poor technical knowledge on the cultivation of new crops & precision farming
Measure: Raising technical knowledge on the cultivation of new crops & precision farming methods

Crop diversification and precision farming is knowledge intensive when compared with cultivation of
traditional crops or mono-culture crops. The information delivery mechanisms on technology, production
and marketing have to be dynamic, flexible and accessible. Realizing this will require stronger
participation of the private sector and adoption of new production arrangements such as contract farming
that integrate information delivery mechanisms as a part of the farmer service strategy. The electronic

mass media could be effectively used for agricultural extension.

The cost of implementation is estimated to be around US$ 7.5 million over a period of 10 years.

Other measures:

h) Barrier: /rrigation network designs not practical for diversification
Measure: Making irrigation distribution designs favorable for diversification

The design of the irrigation schemes for flood irrigation for paddy -cultivation does not support
diversification due to difficulty in controlling both, the water flow and the wetness of the soil, current
practice of irrigation scheduling etc. Not all areas within an irrigation scheme are suitable for highland
crops. Generally, well drained areas in the upper catena are suitable for highland crop production. Thus,

re-design of the irrigated land following a reclassification of lands under irrigated schemes is the only
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feasible solution. This has to be undertaken with the cooperation of land owners and requires policy

decisions at the highest levels.

The cost of implementation is estimated to be around US$ 10.0 million over a period of 15 years.

1.5 Linkages of the barriers identified

Barriers to technology transfer and diffusion on climate change adaptation are unlikely to function
independent of one another. Therefore, analyzing barriers in isolation is risky because such an approach
tends to overlook more holistic and potentially more efficient opportunities to address their combined
effects. The linkages between different barriers of the three prioritized technologies in the food sector are
analyzed so as to ensure maximizing synergies and optimize the effects of recommended measures. The
table below is an attempt to group together key barriers identified for the three technologies by economic

& financial barriers and non-financial barriers.

Table 1.4: Key Barriers Identified for the Three Prioritized Technologies Food Sector

Key Barriers Identified

No | systainable Culture Based Sustainable Land Management Crop Diversification &
Fisheries Precision Farming

Economic and Financial Barriers

1 Inadequate availability of High cost of Implementation and High cost of
financial resources slow return to adoption of land cultivation including
management labor cost
2 High risk of investment High economic cost of conservation

practices and social constraints in

small land holdings

3 Low public and private investment on

research and development

4 High dependency on land for
livelihoods resulting in high land

pressure
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Non Financial Barriers

Policy, Legal and Regulatory Barriers

5 Inadequacy of Government Inadequacy and poor enforcement of | Price fluctuations due
Policies relating to laws and regulations relating to land | to unstable import
aquaculture use and soil conservation policy

6 Insecure Land Ownership Fragmentation of

land holdings

7 Land tenancy

arrangements
obstructive to
diversification away
from rice
Human Skills Barriers
8 Inadequate knowledge on

appropriate land management

techniques and new challenges to

sustainable management

Institutional and Organizational Capacity Barriers

9 Inadequate R&D and Low priority to conservation in non- Lack of varieties and

Training Facilities agricultural land uses management
packages suitable for
diversification

10 Poor relevance of broad-spectrum Inadequate post

techniques due to diversity of land, harvest technologies

weather, soil, terrain, size, land and processing

formation and land use infrastructure
Market Failure/Imperfection Barriers

11 | Poor marketing Under-developed

infrastructure and low price marketing system
No penetration of
rural markets and
lack of timely and
accurate market
information

12 | Insufficient and weak supply High risk of marketing

-52-




arrangements for fingerlings due to seasonal

production
Social, Cultural, Behavioral Barriers
13 | Not-favorable consumer Single or individual efforts are not
preferences and social effective
biases
Information and awareness Barriers
14 Poor technical

knowledge on the
cultivation of new

crops & precision

farming
Network Failure Barriers

15 | Poor institutional Poor coordination among

arrangements for stakeholder organization

stakeholder participation in

policy making

Technical Barriers

16 | Inadequate product

standards, codes and

certification

Other Barriers

17 | Water quality degradation Irrigation network

designs not practical

for diversification

Most of the barriers and measures to overcome barriers are technology specific and fall within broad
categorization for barriers. However, close examination reveals some common elements among them.
Some similar measures seem to occur in the case of quite a few barriers, though not so in the case of
key barriers. This suggests the suitability of following a common approach to address barriers in some

cases.
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1.5.1. Inadequate Finances:

High cost of implementation is cited as the most common barrier under the Economic and Financial
category. The absence of a financing system such as credit facilities appears to be an important barrier
in the case of culture-based fisheries. Accessing finances from formal and informal sources of credit is
the principal mechanism for securing funds for any investment. In some activities relating to Sustainable
Land Management (SLM) and Crop Diversification & Precision Farming (CD&PF), formal financing
mechanisms are poorly developed. High cost of implementation of some technology components and the

long payback period are critical factors determining the adoption of a technology.

1.5.2. Poor Risk Management Tools:

Measures to manage risks are a major requirement in any new enterprise. Risks can arise from many
causes including the lack of technology awareness. This is particularly important with new technologies
or those with high investments. Thus, risk management measures should be examined as a common

approach in promoting any new development.

1.5.3. Poor Policy Framework:

Lack or inadequacy of policies is common to all the three categories of technologies affecting
implementation of measures. Policy failure in the SLM is related to institutional-type policies whereas in
CD&PF it relates more to trade policies. But, overall policy is identified as an area that presents a barrier

to promoting the selected technologies.

1.54. Inadequate Research and Development:

The criticality of R&D in promoting the selected technologies appears to be very strong in relation to
Sustainable Culture Based Fisheries (SCBF) and CD&PF. Continuous improvements in the technology

components are essential for the selected adaptation technologies to remain viable.

1.6 Enabling framework for overcoming the barriers in the Food Sector

Four key barriers that are common to specific technologies were identified in the previous section. This
section attempts to identify alternative sets of measures required to overcome the common barriers.
Enabling measures can be non-specific to technologies at the higher level, but becomes more
technology specific at a detailed level. The technology-specific enabling measures for the four common

barriers as identified before are summarized in the Table 1.5.
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Table 1.5 Key Measures Identified for the Three Prioritized Technologies Food Sector

No Key Measures Identified
Culture Based Fisheries Sustainable Land Management Crop Diversification &
Precision Farming
Economic and Financial Measures
1 Assuring adequate | Increasing affordability and returns to | Price fluctuation due to
availability of financial | adoption of land management unstable import policy
resources
2 Lowering the risk of | Increasing affordability of | Lowering cost of
investment conservation practices and reducing | production including labor
social constraints in small land | cost
holdings
3 Raising public and private
investment on  research and
development
4 Lessening dependency on land for
livelihoods to reduce pressure on
land
Non financial Measures
Policy, Legal and Regulatory Measures
5 Improving Policy | Securing Land Ownership Reducing fragmentation
Coordination of land holdings
6 Introducing and enforcing land | Making Land tenancy
management policies, laws and | arrangements
regulations diversification friendly
Human Skills Measures
Raising knowledge on appropriate
land management techniques and
new challenges
Institutional and Organizational Capacity Measures
7 Assuring adequate R&D | Ensuring  proper  attention to | Provide varieties and
and Training Facilities conservation in non-agricultural land | management packages
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uses suitable for diversification
8 Improving relevance land | Improving post harvest
management  techniques under | technologies and
diverse land, weather, soil, terrain, | processing infrastructure
size and land formation
Market Failure/Imperfection Measures
9 Improving marketing Lowering marketing risk
infrastructure and price arising from seasonal
production
10 | Strengthening adequate Improving marketing
supply of fingerlings system Increase
penetration of rural
markets and providing
timely and accurate
market information
Social, Cultural, Behavioral Measures
11 | Improving consumer | Promoting collective land
preferences and | management measures Single or
overcoming social biases individual efforts are not effective
Information and Awareness Measures
12 Raising technical
knowledge on the
cultivation of new crops &
precision farming
methods
Network Failure Measures
13 Improving institutional | Improving coordination among
arrangements for | stakeholder organizations
stakeholder participation in
policy making
Technical Measures
14 | Introducing product
standards, codes and

certification
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Other Measures

15 | Preventing degradation of Upgrade the water

Water quality distribution channel

system for diversification

Based on the measures identified for each of the technologies, non-technology specific measures to

overcome barriers are listed below in the table 1.6.

Table 1.6: Key Measures Identified for the Common Barriers to the three Prioritized Technologies Food

Sector
Common Barriers Technologies Measures to overcome key barriers
Affected
Inadequate Finances CBF,SLM, CD&PF | § Set up financing mechanisms for specific
technology packages
1 Introduce incentive packages
Poor risk management tools CBF, SLM 1 Develop insurance schemes
i Extend subsidy schemes for specific
technology components
Poor policy framework CBF,SLM, CD&PF | § Establish consultative mechanisms with
the representation of all stakeholders
i Support development of producer
Associations
Inadequate R&D CBF,SLM, CD&PF | § Increase support to public and private
R&D institutions
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Chapter 2

Health Sector

The Climate Change affects the health of the humans directly as well as indirectly. The common direct
health effects are, vector, including rodent and water borne diseases (Malaria, Dengue, Yellow fever,
leptospirosis, viral haemorrhagic diseases and diarrheal diseases including Cholera). Conditions
associated with extremes of temperature in the form of heat waves and cold spells are also considered
as direct effects. The effect of natural disasters and extreme weather events contribute to many health
impacts on humans. Some of these impacts are immediate and others become evident over time. The
immediate health effects are death and injury whereas impacts such as disability, communicable
diseases, psycho-social problems etc. take time to surface. On the other hand, protracted or sudden
weather events indirectly affect human health through crop failure, loss of live stock, livelihoods etc. Poor
and underdeveloped countries and nations will be affected more compared to developed nations as they
are capable of implementation of mitigation and adaptation mechanism to minimize human suffering2.
As health sector related activities produce negligible amount of Green House Gases (GHGS), climate

change related interventions in the health sector will be confined to adaptation technologies only.

The prioritization of technology options for climate change adaptation in the health sector in Sri Lanka
was carried out through an extensive stakeholder consultative process utilizing the Multi-Criteria Decision
Analysis (MCDA) approach (Ref. Technology Need Assessment and Technology Action Plans for
Climate Change Adaptation: Part 1- Technology Need Assessment Report) List of prioritized

technologies appear on Table 2.1.

Table 2.1: Prioritized Technologies and Categories in the Health Sector

No List of Prioritized Technologies Category of the Technology

1. Early Warning Systems and networking for information | Other non-market goods
exchange on Extreme Weather events and other climate

change related events

2. | Transfer of knowledge and skills to Health Personnel Other non-market goods

3. | Technology for management of Health Care Waste Publicly provided goods

12 Climate Change and Human Health, Risks and Responses, Summar
y: WHO, WMO, UNEP; 2007. (ISBN 92 4 159081 5)
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2.1 Preliminary targets for technology transfer and diffusion

The preliminary target is the groups that directly benefits from the adaptation technologies. The
preliminary targets will vary depending on the particular technology adopted and the subsequent projects
implemented based on the respective technology. In general, officials at the national and sub-national
levels involved in work related to priority technologies and the relevant projects will be the primary target

groups for transfer and diffusion of the technologies.

Technology-1: Early Warning Systems and networking for information exchange on Extreme Weather

events and other climate change related events

The target group of this technology will be those personnel who will be specifically engaged in
emergency and disaster related activities, health educators (Health education Officers, Public Health
Inspectors etc), and health administrators at national and sub-national levels (Provincial, district and
divisional). The estimated total number of personnel to be benefited during the project period is 1250-

1400. Island wise diffusion of the technology will take place over a time span of eight to ten years.

This technology is not a novel one for Sri Lanka. Some activities related to this technology are already
ongoing and the objective of selecting this technology is to sustain and to strengthen the activities in

progress and to fill the major gaps identified.
Technology-2: Transfer of knowledge and skills to Health Personnel

The estimated number of beneficiaries of this technology is 2000-2500 health personnel during the
project period of 5-8 years. This target will include fifty (50) from health institutions in each district (total of
1250), 750 from different institutions of the Ministry of Health, and 50 from Municipality health workers.

The country wide diffusion of the technology will take 5-8 years.

Training of health workers on climate change and effects on human health and other aspects is also an
ongoing process and an awareness program is being conducted by the Environmental and Occupational
Health Directorate of the Ministry of Health for health workers in the districts. Many other organizations
are also conducting, school programs, public lectures, exhibitions etc. The aim of the technology is to go
beyond the awareness creation and to provide the health workers with necessary knowledge, skills and
attitudinal changes to enhance adaptation measures in the society through health sector initiatives. This

program is also aimed at training master trainers for the purpose of training the trainers.
Technology-3: Technology for management of Health Care Waste

The preliminary target for technology transfer and diffusion is 25 selected major health institutions in the

island. The number of health workers to be benefited from this component will be 300-350 (5 or 6
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persons from each institution). The expected duration for transfer and diffusion of the technology island
wide is 12 15 years. Institutions in underserved areas will be given priority during program

implementation.

2.2 Barrier analysis and possible enabling measures for Technology 1.
Early Warning Systems and networking for information exchange on

Extreme Weather events and other climate change related events

221 General description of the technology

Early warning (EW) is the provision of timelyatand ef
allows individuals exposed to hazard to take action to avoid or reduce their risk and prepare for effective

response. , tegaatiod of fosr mairhelementa?s,

1 Risk Knowledge: Risk assessment provides essential information to set priorities for mitigation and

prevention strategies and designing early warning systems.

2. Monitoring and Predicting. Systems with monitoring and predicting capabilities provide timely

estimates of the potential risk faced by communities, economies and the environment.

3. Disseminating Information. Communication systems are needed for delivering warning messages to
the potentially affected locations to alert local and regional governmental agencies. The messages
need to be reliable, synthetic and simple to be understood by authorities and public.

4. Response. Coordination, good governance and appropriate action plans are a key point in effective

early warning. Likewise, public awareness and education are critical aspects of disaster

mitigation.

The basic idea behind early warning is that the earlier and more accurately we are able to predict short
and long-term potential risks associated with natural and human-induced hazards, the more likely we will

be able to manage and mitigat e dsjandesviranment. i mpact on s

Early warning systems help to reduce economic losses and mitigate the number of injuries or deaths

from health disasters, by providing information that allows individuals and communities to prevent health

hazards. If well integrated with risk assessment studies and communication and action plans, early

warning systems can lead to substantive benefits for the health sector in preventing health hazards. It is
essential to note that predi ct i onranslaedé@to a warningiane f ul ,
action plan the public can understand and unless the

Effective early warning systems for the health sector embrace all aspects of emergency management,

13 International Strategy for Disaster Reduction (ISDR), United Nations (UN), 2006
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such as: risk assessment analysis, monitoring and predicting location and intensity of the disaster waiting
to happen; communicating alerts to health sector authorities and general public in order to take

necessary precautionary measures in advance.

The situation in Sri Lanka:

The responsibility for development of all hazards Early Warning System lies with the National Disaster
Management Centre (NDMC) as per the provisions of the National Disaster Management Act of 200514,
Accordingly, the NDMC has developed a Road Map for Risk Management, which includes all hazards
EWS.

The mul ti hazard Early Warning Systems aim is
the decision makers to take appropriate action. The components of EWS are collection, consolidation,
analysis and dissemination of risk information. An effective multi hazard EWS needs concerted planning,
organizing, and control of relevant information. In addition influencing all concerned stakeholders to
ensure that information Is disseminated to the right decision makers and vulnerable communities at the
right time.

The present EWS have come into existence in Sri Lanka as a response to the impact of the tsunami
disaster in 2004. These should be integrated to promote a multi hazard approach to make the system
sustainable. Although there are numerous efforts to develop tsunami EW capacities, efforts towards
improving existing capacities for other more frequent hazard sere inadequate. The multi hazard EWS
needs to be end-to-end linking hazard detection systems with warning communication, and a feedback

mechanism that allows post event assessments.

It is also important to note that agencies in Sri Lanka are organized according to the specialized tasks for
different hazards. For example, the Epidemiology Unit of the Ministry of Health deals with disease out
breaks, the Meteorological Department is specialized in Hydro-meteorological Hazards and the
Geological Survey and Mines Bureau is involved with Geological hazards etc., without much information
sharing or partnership with other agencies. These gaps need to be addressed by bringing together all
concerned agencies. Another key issue that warrants attention is the poor state of communication

systems and specially their unavailability during times of emergencies?s.

Basically, what is required under the present context is to transform the existing EWS to an effective one.
For this purpose the agencies responsible should follow the directions given in the definition of Early

Warning System and fulfill the four components given under that to make the available EWS in the island

14 National Disaster Management Act Sri Lanka, 2005

15 Road Map for Disaster Risk Management, 2005
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a reliable, timely, cost-effective, sustainable, user friendly tool for the country and the peoplel¢ (Ref.
AnnexD-2) Technol ogy F akatly Warhirg eSysterosn(EWS) and networking for information
exchange on Extreme Weather events and other Climate Change related events, Part 1 - Report on
Technology Needs Assessment and Technology Action Plans for Climate Change Adaptation in Sri
Lanka)

22.2 Identification of barriers for Early Warning Systems and networking for
information exchange on Extreme Weather events and other climate change related
events

Through an extensive stakeholder consultation process, barriers for transfer and diffusion of the

technology were identified and grouped i nt o Economic and F i n-financciiaal | a
categories as provided in the Guide book (Overcoming Barriers to the Transfer and Diffusion of Climate
Technologies). Accordingly, one economic and financial barrier and the five to non-financial barriers were

identified.

2221 Economic and financial barriers
a) Inadequacy of financial resources and unfavorable financial regulations

The prime objective of an all hazard early warning system is to provide, timely, accurate, unambiguous,
and credible information to a population at risk of an impending disaster. The health sector does not
receive specific finances for this purpose. Required funds for the ongoing activities have been provided
by the government, UN agencies, specifically UNDP and other international donors on project basis. The
involvement of the private sector is minimal. Therefore, in order to make the available EWS more useful

and sustainable, adequate funding on a regular basis is essential.

The economic policies such as heavy tariff for machinery and equipment, and other forms of restrictions,
such as strict controls on International Experts etc. need to be reviewed to enable all partners to work
together in sharing the experiences. The personnel involved in EWS related activities in all levels;
National, Provincial, District and Divisional are neither provided with any financial incentives for their

contributions in disaster situation nor given any training for want of funds.

2.2.2.2 Non-financial barriers

There are five non-financial barriers for this technology. These barriers include three institutional and

organizational, one human skill, and one policy, legal and regulatory.

16 National Early Warning System Sri Lanka, 2005
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Institutional and organizational capacity barriers:

a) Absence of an established structure for EWS and networking for information sharing across the
sectors

At the moment this responsibility lies with the National Disaster Management Centre (NDMC) of the
Ministry of Disaster Management. However, regular and timely information sharing system between
relevant agencies such as National Disaster Management Centre, Ministry of Health, Meteorological
Department, Geological Survey and Mines Bureau etc. is lacking. Even though inter agency
communications do take place in dire situations, establishment of a streamlined mechanism is essential
for the purpose. The existing communication arrangements do not provide for lateral as well as down the
line from national to sub-national level communications. Some sectors never receive early warnings,

especially from the health sector as there is no proper network.

b) Administrative gaps in relevant sectors

There are many gaps in the administrative structures, mainly due to lack of awareness on the
responsibilities of respective institution that is required to fulfill the sectoral obligations of a EWS system.
Many of the sector administrators are of the view that all the disaster related responsibilities rest with the
NDMC and not with the other line agencies. Many administrators either ignore or do not seem to
recognize the importance of having a fully functional EWS system as a critical tool for mitigating adverse
effects of disasters. Non-availability of professional institutions to provide technical inputs and continuous
monitoring of the progress is another aspect of the same barrier. The capacity of the NDMC is limited.
There is no interest in most of the sectors including the health sector in climate change related Research
and Development and its effects on human health. There is no appreciation for the work done and being

conducted by the administrative authorities.

¢) Poor utilization of novel technologies for the purposes of EWS

The health sector has a well developed communicable diseases surveillance system. Information flow
from the sub-national levels to the Centre and vice versa takes place regularly, in some instances such
as dengue outbreaks on a daily basis and the update information is published in the health web

(http://www.health.Ik), however, such information is not officially shared with other sectors on a regular

basis. Even other health related information which is also available in the public domain is not shared
with other sectors as there is no inter-sectoral communication network. Often personal contacts are used

to exchange information between health and other sectors.
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Policy, legal and regulatory barriers:

d) Feeble policies and policy reviews

There is no streamlined information generation and sharing among different directorates of the Ministry of
Health. Although Policy Analysis & Development and Legal & Regulatory bodies exist, tere is no core
group of technical personnel dedicated to address climate change and health related policy, legal and
regulatory issues. There appears to be no holistic approach when policy, legal and regulatory issues are
addressed by respective directorates (e.g. Health Care Waste Management by the Directorate of
Occupational and Environmental Health) rather work in isolation. There is no regular review and updating
of policy, legal and regulatory needs unless in the event of a grave problem at hand. Moreover, inputs

from countries in the region are not sought with regard to CC related issues.

Human skills barriers:

e) Underutilization of available trained people

The Ministry has only a handful of people who are trained and experienced in disaster management,
emergency response, Health Care Waste Management and also lacks trainers. Often they are not given
the required opportunities both locally and overseas to widen their horizons through improving knowledge
and skills thus impacting upon carrier development as well. In trainings and representations related to
Climate Change issues, totally unrelated personnel are given priority based on non-consequential merits.

The net effect of all these is attrition of available trained people for climate change related work.

2.2.3 Identified measures

The measures to overcome the barriers were also identified through stakeholder consultations and

measures thus identified are given below.

2.2.3.1 Economic and financial measures

a) Barrier: /nadequacy of financial resources and unfavorable financial regulations
Measures: Allocation of required amount of funds by the government; exploration for alternative funding

sources and mechanisms

Since the 2004 tsunami disaster and implementation of the Disaster Management Act No. 13 of 2005 a
Central Emergency Fund has been established for use during an emergency. However, at present there
is no other dedicated financing arrangement available for any other activity related to disasters or

emergencies. Therefore, it is imperative to explore avenues to seek government resources ear-marked
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for country programs on sustainable development for the development and enhancement of Multi Hazard
Early Warning Systems as an initial step to mitigate disaster and emergency situations. The details of

such possibilities will be expressed in project ideas in the later reports to be developed.

In the absence of sufficient emergency funds available through the government sources, in an
emergency the Government always tend to seek assistance from agencies of the UNITED NATIONS
such as UNICEF, WHO, UNFPA and UNDP, and other funding agencies such as IDAWB, JICA, ADB,
EU, ECHO etc. Some existing economic policies also tend to hamper full implementation of the disaster
and emergency management cycle. The existing financial regulations restrict advance procurement and
pre-positioning of commonly needed items required to be used in any emergency as 80% of emergency
needs are of generic in nature. Absence of tariff concessions items imported for disaster management
related activities also impacts upon emergency procurements during a disaster. This situation is further
compounded by existing policies which restricts collaborating with INGOO with proven track records and
expertise. Procurement of modern equipment, employing international consultants for post emergency
periods are permitted subjected to restrictions which at the end affect implementation of the full cycle of
disaster and emergency related activities. The cost of implementation is estimated to be US$ 13,000

over a three year period.

2.2.3.2 Non-financial measures

Measures to Improve Institutional and organizational capacity:

a) Barrier: Absence of an established structure for EWS and networking for information sharing across

the sectors

Measures: Align with the existing Government structure (National Disaster Management Centre of the
Ministry of Disaster Management); Establish a focal points to deal with relevant sectors at the Ministry
and sub-national levels.

The existing government structure for EWS and networking is the National Disaster Management Centre
of the Ministry of Disaster Management. Health Ministry has identified focal points for disaster and
emergency related activities in its Strategic Framework for Disaster management and response in all
district and institutions. Similarly many other Departments also have their own focal points scattered all
over the island. In addition the NDMC has set up Committees up to the village level as an activity of the
risk management road map. The Preventive Care institutions has designated focal points up to the
Divisional Administrative level whereas, the Curative Care institutions (hospitals) has focal points up to
the Base Hospitals. Firstly, these already designated health sector focal points need to be assigned for
Climate Change related health activities as well followed by establishment of an intra sector networking
mechanism. The next step of this networking sequence would be to set up an inter sectoral structure

through which the health sector is linked with other sectors such as Disaster Management, Meteorology,
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Public Administration, Police, Armed forces, Telecommunication, water and Electricity etc. for the
purposes of instant sharing of information to enable timely mitigatory and response interventions.

The cost of implementation is estimated to be US$ 18,000 over a three year period.

b) Barrier: Administrative gaps in relevant sectors
Measures: /dentify a focal point and a responsible unit for the purposes. Provide training with specific

functions and responsibilities to be carried out.

Appoint a trained focal point at national and sub-national levels (Provincial, District, and Divisional) with
the responsibility of regular analysis on administrative pitfalls, and gaps and to report to the head /head

of the decentralized units of all relevant sectors for timely rectification.

The cost of implementation is estimated to be US$ 8,000 over a two year period.

c) Barrier: Poor utilization of novel technologies for the purposes of EWS
Measure: /dentify appropriate and affordable novel technologies; train personnel on technologies to be
introduced; assign a second line of personnel to take the place of requiars due to aftrition

Easy to use new technologies are already available outside the country. As these technologies are
neither manufactured nor developed in Sri Lanka, need to be imported from developed and industrialized
countries. However, cost of importation of these new equipment and technologies are exorbitant.
Maintenance and replacements costs are prohibitive as newer products appear in the market regularly. In
addition, trained personnel are required to operate such new equipment and adopt the technology and
providing such training is very expensive. Further, a mechanism needs to be institutionalized so as to
train the next generation of personnel to enable taking over as and when replacements are warranted. A

proper training need assessment would address all such aspects of human resource development.

The cost of implementation is estimated to be US$ 62,500 over a three year period.

Policy, legal and regulatory measures:

d) Barrier: Feeble policies and policy reviews

Measures: Regular streamlining and monitoring of policy; Make all involved aware of existing policies and
involvement in policy reviews

Most of the existing policies related to Climate Change, Disaster Management and Disaster Response,
Emergencies are not regularly reviewed and updated by the principal stakeholders. Progress of

implementation and enforcement of policies also should be regularly assessed and appropriate remedial

actions need to be taken to rectify any short comings. Therefore, policies, objectives, strategies and
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plans shall be reviewed regularly (may be once in three years) with relevant stakeholder participation and

ensure publication in all three languages (Sinhala, Tamil and English).

The cost of implementation is estimated to be US$ 6,000 over a three year period.

Measures to Improve Human skills:

e) Barrier: Underutilization of available trained people
Measures: /mprove and enhance the use of available trained persons

Human Resource Policy for Health (HRH) is a major component of the Policy of the Ministry of Health.
However, many issues related to HRH remain unaddressed over a long period of time. One of such
major issue is related to retaining health personnel in his or her field of specialization for a reasonably
longer time. E.g. a health worker who has gained experience in preventive services may be transferred to
a hospital which provides curative care either based on his preference or keeping with the transfer policy
of the organization. Such frequent rotation adversely affects effective utilization of personnel who have

acquired adequate knowledge and skills over time.

One other recurring issue is retention of health personnel in rural or underserved areas. Some of the
main reasons being often cited is inadequate health facilities, poor health seeking behavior of the
population, less opportunities for education, poor transportation, no accommodation facilities etc.
Despite significant improvements of the situation in the recent past, the issue is yet to be properly
addressed. The financial and non-financial incentives provided to health workers with the view to attract
posting and retaining in such difficult areas for a substantial period of time has not yielded the desired
results. Specific provisions need to be included in the human resources policy for health sector to enable
recruiting and retain personnel for working in disaster management and climate change related activities.
They need to be provided with necessary training as a short term measure and basic teaching should be
included in the training curricula of, secondary and tertiary educational institutes and development of

graduate, post graduate programs as long term measures.

The cost of implementation is estimated to be US$ 5,500 over a two year period.
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2.3 Barrier analysis and possible enabling measures for Technology 2:

Transfer of Knowledge and skills to Health Personnel

23.1 General description of the Technology

The theme of the World Health Day of 2008 was

emphasized that the threat of climate change poses to health is evident and if current global warming
trends remain uncontrolled, humanity will face more injury, disease and death related to natural disasters
and heat waves; higher rates of food-borne, water-borne, and vector-borne illness; and more premature
deaths and disease related to air pollution. Moreover, in many parts of the world, large populations will be
displaced by rising sea level and affected by drought and famine. With this growing impact of climate
change impact on health, the need for increased numbers of skilled, motivated and facilitated health
workers is greater than ever. In the response to climate change, increasing the numbers, quality of
training and working conditions of health workers must be seen as a priority to help reduce suffering and

save lives?!’,

Strengthening of the Human Resources for Health (HRH) in both public and private sector has been
emphasized as one of major activities to be undertaken in the implementation of the Heath Master Plan,
200718, Though developing a human resources strategic plan has received low priority in the past, lately

the need for such a plan has been emphasized in many forums of the Ministry of Health.

Presently education, training and knowledge transfer is done by state agencies through the Universities
and other academic institutions and the private sector including non-governmental agencies supported
by donors. However, it is the stakeholder consensus that training of the health workers needs to be
based on a proper needs assessment. The current policies should be reviewed to retain the trained
personnel at all times. The different training institutions should be given mandate to train health workers

according to an agreed training calendar.

Health P e r s  behbedefited from implementation of this technology includes personnel working in
government as well as non-government and in the private sector. Further, personnel providing promotive,
curative, preventive, and rehabilitative care will also be considered. The article 12 of the National Health
Policy HumarsResour ce \leheelippopadendt strengthened in keeping with
contemporary needs emphasizing the commitment
Lanka,1996). Please refer to Annex D-2, Technology Fact Sheet on Transfer of Knowledge and skills to
Health Personnel, Technology Needs Assessment and Technology Action Plans for Climate Change
Adaptation Report (Part 1).

17 World Health Organization, 2008
18 Heath Master Plan, 2007
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2.3.2 Identification of Barriers for Transfer of Knowledge and skills to Health

Personnel

The barriers identified through stakeholders consultation and further ratified by the Experts are

comprised of one economic and financial and five non financial barriers.

2.3.2.1 Economic and financial barriers

a) Inadequate Financial resources

Although, in comparison with other technologies training and skills development is less costly, it is
observed that the lack of adequate financial resources remains a key barrier for the diffusion of the
technology. Further, conducive education and training policy environment of the country also provide

opportunities for successful implementation of this technology.

Certain aspects related to disaster management and climate change are included in the school curricula
starting from grade 6 upwards. It is being introduced into curricula of higher educational institutes
including universities and technical collages as well. The financial resources available are not sufficient to
sustain ongoing programs and to implement new programs. It has also been found difficult to obtain
funds or technical assistance for training and skills development programs from UN or similar
organizations that support such activities. Hence, it is noted that inadequacy of funds as one of the key

barriers for this technology.

Non-financial barriers

The non-financial barriers identified include one network failure, three institutional and organizational

capacities and one human skKill.

Network failure barriers:

a) Poor coordination of training activities

There appears to be overlaps in conducting similar training programs by different organizations causing
difficulties in selecting the best suited participants and also the availability of trainers as well. This is
found to be primarily due to shortcomings in coordination between and especially prioritizing the training
programs by the respective organizations and also due to absence of an advance training calendar.
Further, potential trainees stationed in distant places in provinces and districts are not adequately

informed of available trainings locally as well as overseas.
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