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e The University of Forestry is responsible for providing students with academic principles and application methods in
forest science and for nurturing competent forestry professionals today and in the future.
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2. To stop timber harvesting in Bago Yoma Region (area of 1.5 million ha) for 10 years starting in 2016-17; and
3. To prevent the export of the confiscated timber, and prioritize biodiversity conservation throughout the country.
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Executive Summary

One of the world’s Global 200 ecoregions and a freshwater biodiversity hotspot, Inle Lake is the in the top 10 most
popular tourism destinations in Myanmar. The lake was formed 1.5 million years ago and is the second largest lake
in Myanmar after Indawgyi. It is also a major source of hydropower for southern Myanmar. The remnant elongated
lake is aligned on a north-south axis. Although the documentation of the flora and fauna of Inle Lake is limited,
there are a number of records available from the early 20th Century and research interest has increased in the lake
in recent years. The diverse fauna that inhabit the lake and its surrounding include species that are listed as critically
endangered, vulnerable, or nearly threatened by the International Union for Conservation of Nature (IUCN). Many
of the species of mammals and endemic fishes that inhabit the lake are listed in the [IUCN red List. The lake is
famous for its floating gardens, which are based on hydroponic cultivation. Plants from the families Gramineae

and Cyperaceae, form tightly interwoven beds of running stems, roots, rhizomes, and hair-like roots, creating water
mattresses that contain large blocks of rich organic soil. Major crops like tomatoes and beans are grown here
hydroponically. The lake also supports livelihoods of fishermen (famous for their one-leg rowing technique), as well
as numerous local businesses including tourism and agriculture.

These unique attributes and the favourable tourism policy promoted by the Government in 1996, have made Inle
Lake a recognized hub for ecotourism. Every year, Inle receives a large number of visitors from different parts of
Myanmar and the world. However, the lake is facing human induced degradation and the size of the wetland has
been dramatically reduced over the past few decades. The increasing rate of lake degradation has increased the
livelihood vulnerability of communities living in or near it.

Thus, to articulate communities” perception of changes in the lake and the status of the ecosystem goods and
services they are receiving, the International Centre for Integrated Mountain Development (ICIMOD), together with
the Ministry of Natural Resources and Environmental Conservation, Myanmar, conducted an ecosystem services
assessment, under the Rural Livelihoods and Climate Change Adaptation in the Himalaya (Himalica) initiative.
Himalica is aimed at supporting poor and vulnerable mountain communities in the Hindu Kush Himalaya to
mitigate and adapt to climate change impacts through collaborative action research and pilot activities in Myanmar.

The assessment was conducted in three village tracts, namely: Kyaung Taung (mountain area), Zay Gon (market
area), and Kyar Taw (floating garden). These villages lie in and at the periphery of Inle Lake, near Nyaung

Shwe Township in Shan State of Myanmar. The results from this study are expected to support future research,
conservation, and development activities in Inle Lake. This report presents a synthesis of the findings, based on
extensive literature review and analysis; land use land cover change (LULCC) analysis, participatory rural appraisal,
and a household survey carried out in the three villages. A synopsis of the findings is presented below.

Socioeconomic Profile

For the study, 178 households were surveyed in three study sites: a floating garden (Kyar Taw village), mountain
area (Kyaung Taung village), and market area (Zay Gon village). A sample group consisted of 56% men and

44% women. Family size in the three sites ranged from 1-8, with an average size of 4. Six cultural groups are
represented: Taung Yo, Intha, Burma, Shan, Danu, and Pao, although all of the people living in the mountain village
of Kyaung Taung are Taung Yo. Nearly all (about 98%) of the people living in the floating garden are Intha, which is
the indigenous cultural group living in the lake area.

Agriculture, forestry, and fishing are the largest contributors to Myanmar’s economy. In the study area, local
livelihoods are based on a combination of farming, wage labour, ecotourism, and small business. The main

crops are fomato and paddy in the floating garden; cane, paddy, garlic, maize, and cauliflower in market areq;
and paddy, sesame pigeon pea and banana in the mountain area. As large number of tourists visit the floating
gardens of Inle Lake, there is high consumption of meat and the demand is fulfilled by livestock rearing. Livestock
include cows, buffalo, pigs, chicken, and fish. Stall feeding and open grazing (including a combination of both)
are practised by the communities. Average annual income is more than USD 1,000 for 57% of the household with
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variations between the sites. The main sources of drinking water are springs, bores/wells, and wetlands. The average
demand for drinking water is from 15-23 litres per day per household.

Importance of Ecosystem Services and Dependencies

Irrespective of their dependence on the three main ecosystems (forest, agro-ecosystems, and wetlands/freshwater),
communities cite these ecosystems as very important. Although only 24% of households reported being dependent
on forests for their sustenance livelihoods, 56% described the forest ecosystem as very important. Community forest
law in the study area, which imposes restrictions on use and limits users’ rights, might have lowered the community’s
dependency on forest.

About 78% of the households in the mountain area are dependent on agricultural production for their livelihood,
compared to households in the floating garden (38%) and market area (28%). Floating garden communities gave
agro-ecosystems more importance than communities in the other two sites. It appears that the mountain area is the
major supplier of the agriculture products to the market as well as floating gardens.

For 74% of the households in the floating garden the importance they give to wetlands/freshwater ecosystems is
proportional to their dependence on it. Dependencies on the lake include for hydroponic cultivation as well as for
the need to maintain certain water level for rowing boats for transportation and to clean the lake.

Land Use Land Cover Change

Inle Lake experienced major land use land cover changes (LULCC) from 1989-2014. Cropland in particular has
invaded more of the lake area. Cropland area has increased from 60.67% in 2000 to 64.53% in 2014. Wetland
has been reduced dramatically, from 3.01% in 1989 to only 0.94% in 2014. The other significant change is a initial
increase in forest cover by 23 km? during 1989 to 2000 and sharp reduction by 115 km? during 2001 to 2014.

Community Perceptions of Drivers on Change and Their Impact

Around 95% of households said that the forest ecosystem has decreased over the last 10 years. Communities claim
that almost no forest is left in the Kyaung Taung village; this also corresponds with Forest Department Statistics of
1998, which state that out of 343,587 km? of natural forests, 37.4% has been deforested. Fuelwood extraction,
illegal logging, charcoal making, shifting cultivation, the extension of agricultural land, population growth (with
repercussions for demand for fuelwood), and infrastructure development are primary contributors to forest
degradation.

An elasticity between increases and decreases in the agro-ecosystem is due to forest land, which has been converted
into agricultural land. Such activities in relation to population growth demand more land and irrigated water for
farming. This ultimately leads to less availability of water for irrigation resulting to less productivity.

About 63% of the households experienced a huge reduction in the availability of freshwater ecosystem goods and
services. Lwin and Sharma (2012) have identified five major issues that have reduced water availability and water
quality in the Inle lake area: 1) houses built inside the lake with poor sanitation and improper management of
waste, 2) livestock breeding as a source of garbage and sewage, 3) industries which directly or indirectly discharge
waste and effluent into the lake, 4) shrinkage of open lake water area, deforestation, and 5) intense agricultural
practices in the catchment, which have added silt and nutrients to the shallow lake.

Ecosystem Services Assessment

Based on the survey results, the communities obtain 19 provisioning services from forests, 15 from agro-ecosystems,
6 from freshwater, and 12 from wetlands. Similarly, households identified 15 regulating, 4 supporting, and 6 cultural
services from forest, agro, freshwater, and wetland ecosystems respectively. Despite increased deforestation and
degradation, forests still supply fuelwood to mountain areas. Floating garden communities are distant forest users.
Only 7% of the households in the floating garden and 8% in the market area consume fuelwood from the forest. It



was also observed that the floating garden and market area communities derive some forest products, they require,
from agro-ecosystems and the wetland ecosystem. The agro-ecosystem seems very productive in mountain areas,
with 93% of households cultivating vegetables and 87% cultivating paddy. The market area study site is also on the
higher side for vegetable production. On the other hand, the freshwater ecosystem contributes to drinking water
supply (93%), water for bathing (61%), water for irrigation (6%), and sand/boulder (3%) collection.

Socio-cultural Value of Ecosystems and Their Services

From the forest ecosystem households perceive the following species as carrying high socio-cultural value: teak
(Tectona grandis), bamboo species (Bambusa polymorpha; Dendrocalmus strictus), Indian English gurjuntree
(Dipterocarpus tuberculatus), pine tree (Pinus spp.), gangaw tree (Mesua ferrea), yinma (Chukrasia tabularis), Burma
cedar (Cedrela toona), eucalyptus spp. from. These forest products are mainly used for construction purposes. D.
tuberculatus is listed as a threatened species on IUCN’s red list. Wetlands and freshwater are home to numerous
crabs, birds, and fishes, among other species. About 40% of the households mentioned crabs as very important, as
they are used in the Intha’s festival. One of the bird species is also considered valuable as symbolic of Inle Lake’s
beauty. The community living around the lake mentioned this species as having socio-ecological value and wished
to see these birds protected from extinction. Swamp eel (Chaudhuria caudate), which are exported to China, are
important to the economic wellbeing of households and carry high social value. About 79% of the households said
that the famous pagodas of Paung Daw Oo Pagoda and Alo Daw Pauk Pagoda carry high cultural value and must
be visited once a year.

Willingness to Pay

About 926% of the households surveyed said that they are willing to pay (in cash or kind) for a fully managed
ecosystem, if they are ensured a flow of ecosystem goods and services on a continuous basis. The amount
households were willing to pay ranges from USD 5 to USD 20 per year per household; if in kind, households said
they would devote 12 to 36 days of labour per year.

Livelihood Vulnerability Assessment

On average, 65% of households have enough food sufficient for a year. Around 25 household reported
experiencing food deficits with food sufficient for less than 3 months a year. Among the three study sites, the
mountain area was more food secure, with 98% of households having adequate food for more than a year.
lllness, accident, death of a household member, and degradation of natural resources are the major vulnerability
indicators.

Long-term Changes in Wellbeing Indicators

Over the past decade, the study area has experienced changes in socioeconomic wellbeing indicators. Unlike

other South Asian countries the study area has no out migration. This has two major impacts: firstly, more job
opportunities are created and there is a high demand for labour. This has a direct influence on the purchasing
power of individuals. Secondly, the study area does not receive any remittances. An increase in the number of health
clinics has improved health condition, however, services are limited. Additional improved social indicators include
an increase in availability public transportation, improved communication facilities (especially mobile phones),
improved food security, and improved decision-making approaches. Conversely, forest cover, access to forests, the
availability/quality of water, and soil fertility have deteriorated.






Introduction

One of the world’s Global 200 ecoregions (Olson and Dinerstein 1998) and a freshwater biodiversity hotspot
(Groombridge and Jenkins 1998), Inle Lake is the 10" most popular tourism destination in Myanmar (MoHT
2013; Thaw 2001). Although documentation of the flora and fauna of Inle is limited, the lake has been explored
by many researchers, as early as the early 20th Century (Annandale 1918a, b, ¢; Kemp 1918, Stephenson 1918;
Oka 1922; Thant 1968). The research and documentation has increased in recent decades (Bruneau and Bernot,
1972; Oo 1995; Su and Jassby 2000; Furuichi 2005; Furuichi and Wasson 2011; Hiwe et al. 2015). The lake
is inhabited by diverse fauna, some of which are listed by International Union for Conservation of Nature (IUCN)
as critically endangered, vulnerable, or nearly threatened species (Kottelat and Witte 1999; Platt and Rainwater
2004). Many of the mammals and endemic fishes that inhabit the lake are listed in the IUCN Red List (Ng et al.
1999; Roberts 1986). More interestingly, the lake is famous for its water gardens, which are based on hydroponic
cultivation (Akaishi et al. 2006). These tightly interwoven beds of running stems, roots, rhizomes, and hair-like
roots of the families Gramineae and Cyperaceaa form water mattresses that contain large blocks of rich organic
soil (Myint and Maung 2000, Than 2007). Major crops like tomatoes and beans are grown here hydroponically.
The lake also supports livelihood of fishermen (famous for their one-leg rowing technique) and numerous other
businesses including tourism and agriculture.

Formed more than 1.5 million years ago (Bertrand and Rangin, 2003), Inle Lake is a remnant lake from a much
more extensive series of lakes, which included the former Heho Lake upstream (Okamoto 2012). As indicated by the
earlier records, the lake has provided tangible and intangible ecosystem services to the communities living on Inle
Lake and its periphery (Ma 1996). The Millennium Ecosystem Assessment (MA 2003) categorizes these tangible and
intangible ecosystem services as provisioning, supporting, regulating, and cultural services. The elongated shape of
the lake is approximately aligned on a north-south axis, and the north and south ends taper to a relatively narrow
breadth (Su and Jassby 2000). This elongated alignment of the lake regulates the flow and supports the natural
filtration of the water, providing freshwater as one of its provisioning services (Thaw 1998). It is the second-largest
lake in Myanmar, lying at an average altitude of 880 meters above sea level (Su and Jassby 2000; Turner et al.
2000; Butkus and Myint 2001; Akaishi et al. 2006), and it is a major source of hydroelectric power for southern
Myanmar (Su and Jassby 2000).

Designated as a the freshwater biodiversity hotspot, it has 53 bird species and 36 fish species, including 16
endemic species, 4 threatened bird species, and 5 threatened mammal species (Ma 1996; Lwin and Sharma 2012).
Home to worldwide threatened species like the white-rumped vulture (Gyps bengalensis), greater spotted eagle
(Clanga clanga), pallid harrier (Circus macrourus), bare’s pochard (Aythya baeri), sarus crane (Grus antigone), and
ferruginous pochard (Aythya nyroca) (Su and Jassby 2000), the lake is a large bird sanctuary, an important breeding
ground for fishes, and a nesting and breeding habitat for birds and amphibians (Ma 1967; Thant 1968; Kottelat
1986; Clarke 1999; Su and Jassby 2000). It hosts Red Data Book listed mammals and endemic fishes (Butkus and
Myint 2001), luxuriant submerged plants, and floating leafed macro-phytes on the surface covering much of the
lake (Akaishi et al. 2006). Thus, the Inle lake is the repository of biodiversity with a productive ecosystem essential
for the sustenance of infinite species including human being.

Although being one of the most important freshwater ecosystems of Myanmar, it is not free from anthropogenic
pressure. The local communities living in the area are highly dependent on the lake ecosystem and its services (Ma
1996). In recent years, the lake has witnessed an increase in tourism pressure, bringing additional management
challenges to the sanctuary (Sett and Liu 2014). Due to various drivers of change, the water surface area of the
loke has shrunk (Sidle et al. 2007); with noticeable pollution (Ma 1996) and sedimentation (Su and Jassby 2000).
The intensive cropping practices in the surrounding catchments have also changed the forest cover and other land
cover types; agricultural land and floating gardens have significantly increased (Thiha 2001; Htwe et al. 2015).
However, there is a lack of understanding of the root causes driving change and the impacts on the ecosystems of
the sanctuary. This joint publication, based on both primary and secondary information, is an attempt to fill this gap
and provide comprehensive understanding as discussed in the following sections.



Research Objectives

Myanmar in general is poorly researched country compared to other countries in the eastern Himalaya. However,
as understanding the linkages between ecosystems services (ES) and human wellbeing is emerging as a global
priority, it is also becoming a priority research area in Myanmar (Cardinale et al. 2011; Chaudhary et al. 2015).
Ecosystem services are also considered products of coupled and nested socio-ecological systems and they should
be measured in the complex context of those socio-ecological systems (Fisher et al. 2009; Millennium Ecosystem
Assessment 2005; Reyers et al. 2013). Although there is an explicit focus on steering human behaviour toward

a more sustainable path, the ES concept has, to date, largely come from the ecological and economic sciences
(Balvanera et al. 2006; Mace et al. 2011; Bateman et al. 2013) and lacked integration with the broader social
science literature about people’s choices and behaviour (Bryan et al. 2010; Milner-Gulland 2012). In response,
the Millennium Ecosystem Assessment (2005) endorsed an ES approach that explicitly recognizes the benefits
people gain from nature. By describing how nature benefits people, the ES approach aims to align environmental
sustainability with human wellbeing, thus building support for conservation and sustainable resource management
(Daw et al. 2011; Hicks et al. 2015). ES also depend on the interactions with and feedback from multiple social
and ecological factors (Scholes et al. 2013). However, understanding of the linkages between ecological and social
sciences is limited (Castro et al. 2014). Therefore, ES assessments and the sustainable management of ES require
an understanding of both supply and demand, considering the qualities, quantities, spatial scales, and dynamics
forming a bridge between ecological and social systems (Nahlik et al. 2012).

With this rationale, the International Centre for Integrated Mountain Development (ICIMOD), an intergovernmental
regional knowledge-enabling centre with support from MoNREC conducted an ‘Ecosystem Services Assessment’
under its Rural Livelihoods and Climate Change Adaptation in the Himalaya (Himalica) project in Inle Lake,
Myanmar. The Himalica initiative is aimed at supporting poor and vulnerable mountain communities in the Hindu

Kush Himalaya to mitigate and adapt to climate change impacts through collaborative action, research, and pilot




activities in Myanmar. This research is expected to help build the capacity of institutions working on resilience to
climate-induced vulnerability, which will subsequently improve the livelihoods of mountain communities in the

Hindu Kush Himalaya. Adaptive capacity can only be attained when the value of the ecosystem services provided by
mountain communities to those downstream is understood, recognized, and maintained.

Thus, the findings of this study are expected to support the management of the Inle Lake conservation area, which
aims to develop good practices for supporting the livelihoods of the communities in the area through integrated
natural resource management. The field work was carried out in consultation with and support from the Forest
Department under the MONREC. Given the objective to understand the state and dynamics of the ecosystems in the
area, the specific objectives of the study were to:

®  Assess the major ecosystems and examine people’s dependency on the goods and services derived from these
ecosystems;

m  Assess the perception of the communities, how they value these ecosystems and their services;

m  Detect the spatio-temporal changes in ecosystem services over the time using remote sensing and geographic
information system (GIS) tools;

®  Assess communities’ coping strategies to drivers of change affecting these ecosystem services;

®  Recommend strategies for mainstreaming knowledge into conservation and adaptation planning and
development efforts to help maintain the carrying capacity of these ecosystem goods and services; and

®  Foster cooperation, partnerships, and networking among the different stakeholders through cross learning and
the sharing of issues and underlying solutions.

Study Area

Inle Lake is situated on the Shan plateau and the lake basin is part of the Shwenyaung rift valley. The north and
south parts of the basin are relatively flat, whereas mountain ranges lie to the east and west of the lake (Figure

1). The eastern part of the basin accounts for only 10% of the catchment area, the western part 53%, and the
northern part the remaining 37% (Ma 1996). A total of 17 streams cut through the mountains and flow into the
lake from the east, 12 from the west, but only 1 from the north, the Nanlit Chaung. This river flows by the main
town of Nyaungshwe, about 2 km from the lake itself, and has only one outlet, the Nam Pilu (Su and Jassby 2000).
The study area (Figure 1) is the catchment of Nyaungshwe watershed. Over 200 villages surround the lake in the
immediate watershed (Butkus and Myint 2001). The watershed serves the Nyaungshwe Township (Akaishi et al.
2006; Lwin and Sharma 2012).

To address the objectives, three representative sites were identified in the watershed for study: Kyar Taw village

(a floating garden), Kyaung Taung village (in the mountain area), and Zay Gon village (in the market area) (see
Figure 1). There are around 527 houses in study area (Table 1). Floating gardens, which were introduced in

the early 1960s, consist of large blocks of organic rich soil of low bulk and density on which major crops like
tomatoes, beans, and potatoes are grown (Sidle et al. 2007). Around 173 households live in the Kyar Taw floating
garden. The houses are built on water and people perform their daily activities on the floating garden. Their
livelihood mainly depends on fishing and the cultivation of tomatoes, beans, and potatoes. Because of its unique
characteristics, Inle Lake has been promoted by the government’s tourism policy since 1996 (Butkus and Myint
2001) and is recognized as a major tourist hub (MoHT 2013). In recent years, increased tourism has influenced
the livelihood of the floating garden. This has also led to an increase in the number of hotels surrounding Inle
Lake. Thus, provisioning services (freshwater, fisheries, and floating garden farming) and ecotourism are the major
ecosystem services provided by Inle Lake to the people living in this floating garden.

The market area is inhabited by around 168 households. The livelihood of the people living in this area depends
largely on the trading of agricultural produce, forest products, and livestock. The population includes local traders
who bring vegetables and other commodities either from their own land/villages or who supply those services from
other villages. The consumers are the inhabitants of the floating garden and its surroundings. Since the people

in market area mostly rely on distant ecosystem goods and services, changes in the flow of ecosystem goods and
services in other villages may affect the market scenario and impact the livelihood of the people in the market area.
Boats are the only means of transportation on the Lake.



Figure 1: Map showing the Inle Lake conservation area, Shan state, Myanmar
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Around 186 households live in the mountain area and are mostly engaged in agricultural farming and livestock
rearing. The main source of energy is fuelwood, hence, people in the mountain area rely heavily on the forest
ecosystem. In addition, the forest provides grazing and fodder for livestock. With no access to irrigation facilities
(as the area lies upstream from Inle Lake), rain-fed cultivation is dominant. Some of the households sell their
agricultural products to downstream communities in the market area and floating garden, and sometimes they take
their products up to Heho market (the capital of the state).



Research Framework and
Methodology

Research Framework

Modelling, qualitative, and quantitative analytical approaches are being widely used to understand and describe
the stocks, demands, and flows of ecosystem services on different spatial and temporal scales (DeGroot et al.
2010; Miller et al. 2010). Such approaches provide insight into the actual supply of ecosystem services based on
biodiversity and ecological functions (Balvanera et al. 2006). These elements, in combination with information and
data on ecosystem service use pattern (demand), their actual rates of consumption, and how these components
are inter-connected (flows and trade-offs), form the basis of a full ecosystem service analysis (Castro et al. 2014).
Moreover, in recent years, ecosystem services have been strongly linked with conservation and poverty alleviation
(Castro et al. 2014; Fisher et al. 2014). Considering these recent developments, an ‘Ecosystem Services Cascade’
framework (Figure 2) was adopted, which enabled the study to rationalize the strong linkage and importance of
ecosystem services to people’s livelihoods through ecosystem services provision supporting human wellbeing.

Methodology

The assessment consists of both primary and secondary data including a household survey, geospatial analysis,
participatory rural appraisal tools including, focus group discussions, resource mapping, transect walks, and a

Figure 2: A conceptual research framework for ecosystem assessment linked to impact pathways
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review of the relevant literature. To identify the spatio-temporal changes in the ecosystems and its services, land use
land cover change (LULCC) analysis was performed. The results derived from the LULCC were then compared with
the results of the household survey. A combined map of LULCC and data from the household survey was then made

for the periods 1989-2000 and 2000-2014.

Household survey

A systemic stratified sampling approach was used for the household survey. Stratification was done according
to the origin of the wetland as upstream, middle stream, or downstream. Following the stratification, based on
the livelihood and community dependency on services derived from ecosystem, three study sites were selected:
the floating garden of Kyar Taw (latitude 20.4493°; longitude 96.9146°), the market area of Zay Gon (latitude
20.4657°; longitude 96.9038°),

and the mountain area of Kyaung Table 1: Description of sampling area for household survey

Taung (latitude 20.6568°; longitude

96.8636°). These sites are comprised Upstream Middle stream Downstream Total
of 173, 168. and 186 households mountain area market area F|om‘ing gorden
respectively. About 33% of total Village track Lat Maung Kwe | Nan Pan Nan Pan -
households (178 households) were Village name Kyaung Taung | Zay Gon Kyar Taw -
selected for the household survey. Total households 186 168 173 527
The sampling size for the household Sample size 58 60 60 178

survey is presented in Table 1.
Pre-orientation on questionnaire survey

The enumerators and researchers engaged in the study were invited to an orientation training (theory and field
exercises) prior to the survey. The training consisted of a one-day theory session covering the objective of the study,
the ecosystem and its services, and how to apply participatory rural appraisal tools, followed by field exercises

to pre-test the questionnaire (Chettri et al. 2014; Karki et al. 2014). The questionnaires were designed based

on the framework and the objectives set for this assessment following Castro et al. (2014). The enumerators and
researchers pre tested it in the study sites to contextualize the local needs.

Land use land cover change (LULCC) analysis

For the LULCC analysis, efforts were made to map the study area using three different time series images from
1989, 2000, and 2014 (Table 2). The idea was to detect the change in, and status of, land use cover and the
changes that have taken place, particularly in forested and agricultural land, over the period using both GIS and
RS data. Subsequently, an attempt was made to project the use of

the identified ecosystem services in the area over the same period. Table 2: Landsat satellite imagery data

Medium spatial resolution satellite images from Landsat were used source for three different time series

from 1989, 2000, and 2014 and further rectified using Google Satellite ‘ Sensor ‘ Row ‘ Path ‘ Year
eye images from 2014 to generate the land cover maps. The land Landsat 8 2014
use categorization was de-fined us.ing The.s’rondord.bnd cover landsat | T™ 138 |41 2000
protocol. The land cover information derived consisted of pre-

™ 1989

processing and classification using object-based algorithms.

In this study, Landsat 30 m spatial resolution (185 x 185 km swath) ortho-rectified and cloud free thematic mapper
(TM) and Landsat 8 images were used for land cover mapping and change detection between 1989, 2000, and
2014. All images were downloaded from the United States Geological Survey (USGS) archived data portal. The
shuttle radar topography mission (SRTM) one arc second (30 m) digital elevation model (DEM) with add on products
such as slope and aspect, was used for the topographic information as well as identification and mapping difference
in land cover classes. Base layers with district, physiographic and settlement points in geographic information system
(GIS) format were used both as baseline information for the maps and land cover extraction and analysis.

Land cover maps for 1989, 2000, and 2014 were prepared from analysis of the Landsat TM, ETM+, and Landsat
8 images using geographic object-based image analysis (GEOBIA). The detailed methodology used to prepare the



land cover maps is described in (Uddin et al., 2015). Briefly, eCognition Developer software was used to divide the
image into segments. A multi-resolution segmentation algorithm was applied in which homogeneous areas resulted
in larger objects and heterogeneous areas in smaller ones. Information on the spectral values of image layers,
vegetation indices Normalized Difference Vegetation Index (NDVI), and a land water mask was used in the analysis.
Six land cover classes were mapped for the comparison and further analysis on ecosystem service.

Following Chaudhary et al. (2016) in ArcGIS environment, the land cover was analysed and interconnected based
on the sum scores for provisioning, regulating, supporting, and cultural services. Values were obtained from the
SPSS data generated after the completion of the household survey, in which the households shared their routine
resource dependency on, and usage of, the various services drawn from the different ecosystems. A hierarchical
classification scheme was used with six major land classes. The results derived from the LULCC were then integrated

with the results of the household survey.

Data analysis

The surveyed questionnaires were coded, cross-checked, and cleaned where necessary. Household survey data were
entered into a data-entry mask designed using the SPSS Statistics software package 16.0 version. After entering

the data, plausibility checks were performed to control entry errors and inconsistencies. Analysis was carried out
using the basic descriptive statistics, cross tabulation, and comparison of means. Considering the limitations on
methodological approach and objective of the study, the economic valuation for ecosystems services could not

be assessed. However, information derived from participatory rural appraisal and HH survey results estimated a
requirement of 10 - 23 litres of drinking water per household per day (excluding livestock). Thus, using direct cost,
an annual economic value of freshwater for surveyed households were estimate and through willingness to pay
method other values were extrapolated following Sharma et al. (2015).




Results and Discussion

Socioeconomic Profile

In total, 178 households were surveyed: 58 in the floating garden, 60 in the market area, and 60 in the mountain
area. Of the survey participants, 56% were male and 44% were female. The average family size in the three sites
was 4 (ranging from 1 to 8). The floating garden and market area had the same average family size, but the
average family size in the mountain area was three. Among the six different castes (Taung Yo, Intha, Burma, Shan,
Danu, and Pao), 100% of the mountain communities are Taung Yo; 98% of the people in the floating garden are
Intha (which denotes people living in the lake), and the market area consisted of Intha (47%), Burma (45%), and a
small number of Shan, Danu, and Pao ethnic groups.

There is a 49% literacy rate in the study area Table 3: Literacy rate in three sites
population (Table 3). Considering the primary
education the mountain area has the highest Level of education Floating | Market | Mountain | Total %
d

literacy rate (10%). Among three sites, the gareen area ared

. Primary 9 4 10 24
young age group from the floating garden
and the mountain area dominated the primary Secondary > 7 0 12
education pyramid. The market area is Graduate 1 3 0 3
occupied by more educated secondary (7%) Monastery education 1 7 2 10
and graduate (3%) communities compared Total 16 21 12 49

to the mountain area. The accessibility,

education infrastructure and the financial sources through business could be the reason for high level of education
in the market area. The major religion in Myanmar is Buddhism (Bischoff 1995) and 89% of the population are
Buddhist (Hadden 2008). Hence, monastery education is also common in the study area with 10% of the surveyed
population reporting a monastery education.

Livelihood practices

Agriculture, forestry, and fishing are the largest contributors to Burma’s economy (Hadden 2008). In the study areaq,
local livelihoods are based on a combination of farming, wage labour/petty business, ecotourism (hotel business,
tours, boat driving), and small shops (Figure 3). In the mountain area, wage labour (45%) and farming (42%) are
the primary contributors to livelihood. As the market area and floating garden are trading and ecotourism zones,
petty business (25% in the market area and 14% in floating garden) remain dominant in these areas (Figure 3).
Inle Lake is an integral part of the local community’s

livelihood, as it is dependent on fisheries and floating
Figure 3: Main livelihood sources reported garden hydroponics agriculture (Su and Jassby 2000;

=

by households Butkus and Myint 2001; Than 2007). Since the
Government of Myanmar’s drive to promote tourism in
1996 (Butkus and Myint 2001), the lake has become
a major tourist hub. The area has also experienced
the construction of infrastructure (e.g. hotels, roads,
flights) which has led to increased tourism (Thin
2014). Other income sources contributed 22% to
total household income and include: owning a hotel,
wholesale trading/shopkeeping, boat driving, fishing,
and tour guiding. It is remarkable that only five
percent of the households are salaried employees. It is

also of note that only a few households in the floating

HH

activity mm

Ing

garden area cited fishery work as their occupation.

Petty —

Study
Salaried ===
employee
business
Farming
Others

Households explained that the decreasing number of

M Floating garden M Market area B Mountain area




fish in Inle Lake has caused them to move into other Figure 4: Agricultural land types
occupations.

The people around Inle Lake live off the lowland Mountain I}
paddy fields and floating gardens (farming) while the area

inhabitants of the mountain range practice on-land

Market

cultivation and rotational upland farming along the

Study area

area =
steep slopes on both sides of the lake. Rain-fed, fallow |
; o Flogti
land, floating garden, and home garden cultivation g?rg';g _

prevail in the surveyed area. In the mountain area, 0 20 40 60 80 100 120
96% of the land falls under less than 2 ha of rainfed Land holding %

fallow category, whereas market area and floating B Home garden <2 ha B Rainfed fallow land 2-5 ha
B Rainfed fallow land <2 ha M Fallow land < 2 ha

garden is dominated by fallow land category. Floating garden < 2 ha B Follow land 2.5 h

Myanmar’s economic development is based on
agriculture (Hossain and Marlar 1995) and, despite

strategies adopted by the Ministry of Agriculture and
Irrigation to increase crop production through the construction of dams and expansion of irrigational canals (MAS
1997), Myanmar has showed only a modest increase in irrigated arable land (Garcia et al. 2000; Egashira and
Than 2006). Since then, irrigation facilities do not seem to have improved much in Myanmar. About 5% of the
households surveyed in the floating garden area own less than 2 ha of land. In addition, 57% of households in the
floating garden area and 50% in the market area farm on fallow land. Home gardening is also practised in the
mountain area, but not in the other two study sites (Figure 4). Vegetables are grown for home consumption and

as a cash crop sold in the markets of Heho or Nyaung Shwe (Khaing 2014). During the household survey in the
mountain area, dry land and rainwater tanks were observed, which indicates that mountain communities receive
limited rainwater.

Paddy, sesame, pigeon pea, tomato, cane, garlic, maize, and cauliflower are major crops cultivated in the study
sites. Tomato and paddy are mainly grown in the floating garden area, with aquaculture being practised to a

lesser extent. In the early 1990s, the transition to a market . . . .
Table 4: List of major agricultural products in

economy expanded tomato cultivation in the floating each of the study areas

garden area (Okamoto 2012). Tomato is now the primary

cash crop produced by the floating gardens (Su and Jassby Floating | Market area | Mountain
2000). Although the market area is mainly a trading zone, garden area
sugarcane, paddy, garlic, maize, and cauliflower are grown Major | Tomato Cane Paddy
here either to sell or for personal consumption. In the crop Paddy Paddy Sesame
mountain area, paddy, sesame, pigeon pea, and banana are Garlic Pigeon pea
the main crops cultivated (Table 4). Maize Banana
On average, 51% of households rear livestock. However, the Cauliflower

number of households rearing livestock varies: 62%
in the floating garden area; 50% in the mountain
area; and 40% in the market area (Figure 5). The high Figure 5: Percentage of households rearing livestock
consumption of meat products could be the reason for
the high percentage of households rearing livestock in
the floating garden area. The floating garden site has
a diverse array of livestock, including cattle, pigs, and
poultry. In all three sites, pigs were the most common
type of livestock kept though they vary between the
studies areas with the highest observed in floating
garden with 39% of the total recorded (Table 5). Not
surprisingly, the floating garden area had the highest
number of households keeping fish and there was no
significant change compared to five years ago. In the

Floating garden Market area  Mountain area

mountain area, the number of households keeping




cattle has dropped in the past five years, however, the number of buffalo rearing households has increased (by 14%)

in the same period. The number of households keeping pigs has also increased in both mountain and market areas

(Table 5). The main reasons cited for these changes in livestock is both through sale (reduced number) or breeding

(increased number). Disease or climate-induced stress were not factors in changes in livestock rearing.

Table 5: Comparative assessment of livestock rearing

Livestock Number of Households rearing livestock (%)
livestock kept Floating garden Market area Mountain area
Present Last 5 years* Present Last 5 years Present Last 5 years

Cattle 1-5 3 0] 13 4 3 10
Buffalo 1-5 0 0 0 0 83 73
Pigs 1-5 67 28 79 58 20 17
5-10 0 0 0 0 0 0
10-15 0 0 8 13 0 0
Poultry 1-25 6 0 25 8 0 0
25-50 0 0 0 13 0 0
>50 0 0 4 4 0 0
Fish 1-500 28 8 0 0 0 0
500-1,000 11 11 0 0 0 0
1,000-1,500 0 6 0 0 0 0
1,500-2,000 3 3 0 0 0 0

* average of last 5 year

T G [Freaind <feetine st All of the households in the floating garden area and

the market area practise stall feeding. In the mountain
area, most households (67%) practise both stall

o
o

feeding and open grazing. Only 13% of households
in the mountain area practise open grazing (Figure 6).
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On average, 57% of households in the study sites

M : have annual income of more than USD 1,000
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(74%, 70%, and 28% in the floating garden, market
area, and mountain areq, respectively). In addition,

Floating garden Market area

Study sites

M Grazing & stall fed M Stall fed only B Grazing only

67% of households have annual income of USD
501-1,000, which is the lowest annual income for

households in the floating garden (reported by 26%).

Only 8% of households in market area and 5%

. . Table 6: Income distribution of households
of households in the mountain area reported

earning less than USD 500 per annum (Table 6). Average Floating | Market | Mountain Total
hOUSehOId gdrden area area
cash income

Sources of drinking water per year (USD)

The main sources of drinking water are springs, 1-500 0 (0%) 5 (8%) 3 (5%) 8 (5%)
bores/wells, and wetlands. The average quantity 501-1,000 15 (26%) | 13 (22%)| 40 (67%)| 68 (38%)
of drinking water used ranges from 15-23 litres >1,001 43 (74%)| 42 (70%)| 17 (28%)| 102 (57%)
per day (Figure 7). About 85% of households Total 58 (100%) | 60 (100%) | 60 (100%) | 178 (100%)



Figure 7: Main sources of drinking water
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in the floating garden depend on spring water and 65% of those in the market area depend on bore/well water.
However, in the mountain area, 100% of households rely on rainwater-harvesting technology that has been installed
in the area by the United Nations Development Programme (including a 5,000 gallon nominal capacity community
tank, a community pond, and household-level rainwater harvesting systems) (Poole 2014). Other sources (8%) of
water include purified drinking water which is purchased from the market or collected from stored tank of Myang
Kun Monastery in Shwe Kyun Myau.

State of the Ecosystems

Importance and dependency on major ecosystems

Three major ecosystems — forest, agro-ecosystem, and wetland/freshwater — were identified during participatory
rural appraisal exercises. Regardless of their dependency, during the survey, households were asked whether or not
they consider these ecosystems important. Importance was categorized as: very important, important, moderately
important, less important, or not important. Similarly, dependency was ranked: very dependent, dependent,
moderately dependent, less dependent, or not dependent.

Forest ecosystem

About 55% of households from mountain communities consider the forest ecosystem to be very important and
35% of households consider themselves to be very dependent on goods and services from the forest ecosystem
(Figure 8). In the market communities, 63% of households consider forest ecosystems of very high importance and
27% consider themselves to be very dependent on them. Most households from the floating garden also reported
the forest ecosystem as very important (55%), but only 10% considered themselves very dependent on it (38%



Figure 8: Importance and dependency on forest ecosystem
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considered themselves less dependent). In the mountain area, some community forest land has been designated
and community forest law provides rights and restriction on land use (Khaing 2014). Such laws may influence
household dependency on the forest ecosystem.

Agro-ecosystem

About 78% of households in the mountain area depend heavily on the agro-ecosystem (Figure 9), whereas 38%
households reported low dependency in the floating garden area and moderate dependency (27%) in the market
area. Households also reported the agro-ecosystem important for subsistent livelihoods. Despite less dependency on
agro-ecosystems, households from the floating garden (36%) and market area (33%) considered agro-ecosystems
to be very important. The reason might be that agricultural production from mountain areas are the source for those
products consumed in the market area and floating garden. Shifting agriculture, fallow land, and floating garden
farming, together with the conversion of lower slopes into agriculture land along the northwest side of the lake, are
practised in and around Inle Lake (Sidle et al. 2007).

Wetland/freshwater ecosystem

Wetlands are formed by the interaction between the terrestrial system and the aquatic system and are among the
world’s most productive environments. They are repositories of biological diversity and very fragile (Mitsch and
Gosselink 2000; TEEB 2010). They provide water for agricultural productivity (Khan 2000), as well as ecosystem
goods and services that are essential for the sustenance of an infinite number of species. Wetlands include
hydrological, biogeochemical, and ecological functions — and it is the interconnectedness of their physical,
biological, and chemical components (such as soils, water, plants, and animals) that enable wetlands to perform
several vital functions (Richardson 1994; Khan 2000).




Figure 9: Importance and dependency on agro-ecosystem
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Households from the floating garden and mountain area perceived freshwater ecosystems as highly significant in
terms of both dependency and importance. About 74% of the households from the floating garden and 53% of
households from the mountain area reported being highly dependent on freshwater. Similarly, 78% of households
from the floating garden and 60% from the mountain area considered freshwater to be an important ecosystem
(Figure 10). Households in the floating garden are dependent on the freshwater ecosystem in two main ways. First,
the floating garden area receives a large number of tourists who use boats as a means of transportation, which
requires a sufficient amount of water in Inle Lake. Second, the floating garden needs water for crop production and
aquaculture. In the market area, 28% of households consider themselves moderately dependent on the freshwater
ecosystem and 32% consider freshwater ecosystem services to be moderately important.

Perceived Change in the Major Ecosystems

A harmonized relationship between people and nature for human wellbeing means ensuring the long-term flow of
ecosystem goods and services (Gémez-Baggethun and Kelemen 2008). However, both human induced and natural
disturbances are continuously changing in order to adapt the variability of flow of such ecosystem goods and
services within tolerable bounds (Janssen and Anderies 2007). Ecosystem services refer to tangible and intangible
benefits (goods and services), which can be categorized as: provisioning, regulatory, cultural, and supporting
services provided to society by natural and human-modified ecosystems (Millennium Ecosystem Assessment 2003;
Costanza et al. 1997). In the study area, these categorized services are derived from forests, agro-ecosystem,
wetland, and freshwater ecosystems.

Around 95% of the households perceived that the forest ecosystem has decreased over the last 10 years (Figure 11).
Such claims are also raised in the report by Khaing (2014), which explains that Shan state alone lost 40.4% of its



Figure 10: Importance and dependency on freshwater/wetland ecosystem
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Figure 11: Perceived change in four ecosystems over the last 10 years
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forest cover between 2001 and 2012. Households said that almost no forest is left in the mountain area; this also
corresponds with Forest Department Statistics from 1998, which show that out of 343,587 km? of natural forests,
37.4% of forest cover area has been deforested. The rate of deforestation and degradation was -1.17% from
1990-2000, -0.90% from 2000-2005, and -0.95% from 2005-2010 (FRA 2010). In recent years, the rate of
deforestation and degradation has increased. The degraded forests upstream and increased soil erosion have led to
sedimentation, which, combined with chemical pesticides leached from agricultural land, have resulted in an algae
bloom in the lake (Ma 1996; Akaishi et al. 2006). This has further eroded the efficacy and sustainability of the
flow of ecosystem goods and services downstream. Households said that there has been a huge reduction in forest
ecosystem services due to the over-extraction of fuelwood, illegal logging, charcoal-making, shifting cultivation, the
extension of agricultural land into forest areas, and population growth (with repercussions on demand for fuelwood
and infrastructure development like roads and buildings).

People’s perception on the land use varied significantly between the study sites. While 73% of households perceived
an increase in the agro-ecosystem, 78% also perceived a decline in agroecosystem practices. About 45% of the
households from the mountain area perceived no change in agro-ecosystem, while 23% reported an increase in
agro-ecosystem in the area. Elasticity between the increases and decreases in the agroecosystem is largely due

to the conversion of degraded land and population growth which increases demands for irrigation and farming.
Interestingly, 32% of households perceived no change in agro-ecosystem practices (Figure 11).

In relation to the wetland/freshwater ecosystem, about 63% of households perceived a huge reduction in the
availability of freshwater ecosystem goods and services. Major concerns included the depletion of forests, erratic
rainfall, less precipitation, rising temperatures, the drying out of rainwater collection ponds, and sedimentation.

On the other hand, 30% of households mentioned that reforestation activities have contributed to lessen such
changes in ecosystem goods and services. Perhaps something like: Inle Lake and the floating garden area suffer
from pollution. Mineral and organic nutrients produced by the main market area (Nampam market) and tourist hub
(Naung Shwe and Paung Taw Oo pagoda) end up in the lake due to improper management and sewage and solid
waste. This is exacerbated by population growth and increased tourist numbers. Lwin and Sharma (2012) identified
five major issues affecting the freshwater and wetland ecosystem in Inle Lake, namely: the houses built inside the
lake have poor sanitation and improper management of waste; livestock breeding is a source of garbage and
sewage; the waste and effluent from industry is being directly and indirectly discharged into the lake; the open lake
water area is shrinking and deforestation is an issue; and intense agricultural practices in the catchment have added
silt and nutrients to the shallow lake.

A significant number of households (98%) perceived an enormous reduction in the wetland ecosystem and its
services. They opined that the large population living in the wetland (floating garden), high amount of accumulated
sediment in the lake, deforestation, erratic rainfall, eutrophication, an increase in invasive species (water hyacinth in
lake, (see Figure 11), and the lack of conservation activities are contributing factors to the depletion of the wetland
ecosystem. The expansion of cropland area, sedimentation, deforestation, and anthropogenic activities (as a result
of the growing population and tourism) are some of the factors contributing to the reduction in area of the wetland,
which has caused significant economic loss (San and Rapera 2010). Eutrophication, increased invasive species, and
population growth have also resulted in reduced water quality. Studies by Akaishi et al. (2006) noted that the rate of
siltation from inflowing streams is 623,000 m® per year and the clearing of the natural vegetation for cultivation has
accelerated siltation in Inle lake. The study emphasizes that the change in water quality is a result of agrochemicals
used for tomato cultivation in the lake. Households perceptions of the change in four ecosystem are interpreted in
Figure 11.

Land Use Land Cover Change

Maijor land cover types in the study area consist of forest, shrubland, grassland, cropland, wetland, and freshwater.
The literature indicates that Inle Lake has been experiencing major land use land cover changes (Sidle et al. 2007;
Hiwe et al. 2015). The analysis conducted by this present study supports earlier findings. Specifically, cropland has
increased and wetland has decreased dramatically over the time (Figure 12). Such changes were also reiterated by
the households (as discussed in previous sub-section). The data for 1989 shows that croplands constituted 59.5% of
the Inle Lake conservation area. This increased to 60.67% in 2000 and to 64.53% in the year 2014. Consequently,



the freshwater has increased in each subsequent year. Conversely, the wetland area has decreased to 0.94% in the
year 2014 from 3.95% in the baseline year 1989. Cropland area has been increased mostly in the Inle Lake area,
as also reported by Htwe et al. (2015). Apparently, a dramatic shrinkage in the lake area has taken place over the
past few decades. Major concerns arise about the declining lake area and the degrading ecosystem of the lake and
its surroundings. In 1967, Ma (1967) reported a loke approximately 23 km long and 11 km wide, but, less than 30
years later, Thi (1996) reported water surface dimensions of only 11 km long and 5 km wide. The floating villages,
floating gardens, and tourists have greater impact on the lake catchment than outside lake activities (Lwin and
Sharma 2012). Sidle et al. (2007) estimated a decline of open water surface in Inle lake by 32.4% between 1935
and 2000. Deforestation in the mountains, agricultural encroachment, shifting cultivation, the expansion of the
floating gardens, and changes in the water quality are other major concerns (Sidle et al. 2007). Depending on the
crop variety, we can interpret that increased cropland demands more water for irrigation. And this might have led
to the reduction in the wetland, in addition to other factors. The forest cover in the year 2000 increased by 23 km?
compared to 1989. However, this was reduced by 115 km? in the year 2014 against the baseline line year 2000
(resulting in an overall reduction of 92 km? against the baseline line year 1989) (Table 7).

Comparing Tables 8 and 9, an area of 115 km? forest has been converted into cropland. Declines of 1 km? of
shrubland and 1 km? of grassland were also observed. Cropland has increased by 209 km?, expanding into
wetlands, shrublands, and grasslands over the 25 years from 1989 to 2014. However, over those years, the
freshwater area has also increased by 38 km?. A similar trend was reported in other studies on Inle Lake (Sidle et
al. 2007; Htwe et al. 2015). Referring to Table 8, freshwater has influenced grasslands, wetlands, and croplands.
However, this requires further validation. Regardless, it is evident that Myanmar has experienced rapid deforestation
over the last four decades (Leimgruber et al. 2005; Mon et al. 2012).

Figure 12: Land use land cover map of the Inle Lake for 1989, 2000 and 2014
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Table 7: Summary of land cover statistics for 1989, 2000, and 2014

Land cover Year Land cover i
1989 2000 2014 C(h]";g;_ség]kz;
km? % km? % km? %
Forest 1,074 19.79 1,097 20.23 982 18.10 92
Shrubland 321 5.92 268 4.94 269 4.96 -52
Grassland 394 7.27 394 7.27 393 7.24 -1
Cropland 3,232 59.58 3,291 60.67 3,500 64.53 268
Wetland 214 3.95 183 3.37 51 0.94 -164
Freshwater 189 3.49 191 3.52 229 4.22 40
Total 5,424 100 5,424 100 5,424 100

Table 8: Change matrix of land cover from 1989 to 2000

Land cover (km?) . ov
2 2 o - 2 N
e} i) 5 S S -
z s 2 - R = =
o e 9 e [ 8 -9
L o ) S = &= o
Forest 1,074 0 0 0 0 0 1,074
Shrubland 24 268 0 25 3 1 321
Grassland 0 0 394 0 0 0 394
Cropland 0 0 0 3,232 0 0 3,232
Wetland 0 0 0 34 177 3 214
Freshwater 0 0 0 0 3 187 189
Total (2000) 1,097 268 394 3,291 183 191 5,424
Source: Landsat TM and Landsat 8
Table 9: Change matrix of land cover from 2002 to 2014
2 2 g ko
Land cover (km?) 0 o = ° 2 —
7] -2 a s e = — 8
8 0 8 g 5 2 33
L o ¢ S = = ol
Forest 982 0 0 115 0 0 1,097
Shrubland 0 268 0 0 0 0 268
Grassland 0 0 393 0 0 1 394
Cropland 0 0 0 3,279 4 8 3,291
Wetland 0 1 0 104 47 30 182
Freshwater 0 0 1 2 0 189 192
Total (2014) 982 269 394 3,500 51 228 5,424

Source: Landsat TM and Landsat 8

Ecosystem Services Assessment

Utilization of ecosystem services

The study looked at the use of ecosystem goods and services by households in the study area. In relation

to provisioning goods and services, households obtain 19, 15, 6, and 12 different services from forests,
agroecosystems, freshwater, and wetland ecosystems, respectively (Table 10). Similarly, 15 regulating, 4 supporting,
and 6 cultural services are utilized from forest, agroecosystem, freshwater, and wetland ecosystem respectively.
Besides collecting these goods and services, communities also purchase them from market. A matrix of provisioning,
regulating, supporting, and cultural services from forest, agroecosystem, freshwater, and wetland is presented in

Table 10.



Table 10: Types of goods and services from different ecosystems

Ecosystem
goods and
services

Forest (19)

Agro-
ecosystem

(15)

Freshwater
(6)

Wetland
(12)

Provisioning (23)

fuelwood, fodder, grazing,
timber, poles, medicinal plants,
ornamental plants, wild edible
fruits, vegetables, mushrooms,
fibre, thatch, bush meat, paddy,
mud, orchid, cereals, drinking
water, water for bathing, water
for irrigation, boulders and sand

fuelwood, fodder, grazing,
timber/poles, medicinal plants,
ornamental plants, wild edible
fruits, vegetables, mushrooms,
fibre, thatch, dyes, paddy, and

cereals

fish, drinking water, water for
bathing, water for irrigation,
boulders and sand

ornamental plants, wild edible
fruits/vegetables, fish, drinking
water, water for bathing, water
for irrigation, boulders and sand,
silt soil, seaweed, and fodder

Regulating (14)

carbon sequestration, climate
regulation erosion/flood
control, ground-water recharge,
nutrient enrichment, pest
regulation, pollination, seed
dispersal, soil fertility, soil
formation, soil stability, waste
treatment, water purification,
and water retention

carbon sequestration, climate
regulation, erosion/flood
control, ground-water recharge,
nutrient enrichment, pest
regulation, pollination, seed
dispersal, soil fertility, soil
formation, soil stability, waste
treatment, water purificction,
and water retention

carbon sequestration, climate
regulation, erosion/flood
control, ground-water recharge,
nutrient enrichment, pest
regulation, pollination, seed
dispersal, soil fertility, soil
formation, soil stability, waste
treatment, water purificotion,
and water retention

nutrient enrichment, pest
regulation, pollination, seed
dispersal, soil fertility, soil
formation, soil stability,

waste treatment, water
puriFicqtion, water retention,
carbon sequestration, climate
regulation, erosion/flood
control, ground-water recharge,
and pest regulation

Supporting (4)

ecosystem
resilience, habitat
for species,
hydrologic cycle,
and soil formation

ecosystem
resilience, habitat
for species,
hydrologic cycle,
and soil formation

ecosystem
resilience, habitat
for species,
hydrologic cycle,
and soil formation

ecosystem
resilience, habitat
for species,
hydrologic cycle,
and soil formation

Cultural (6)

aesthetic beauty,
ecotourism,
education

and research,
recreation, nature
worship, and
spiritual enrichment

aesthetic beauty,
ecotourism,
education

and research,
recreation, nature
worship, and
spiritual enrichment

aesthetic beauty,
ecotourism,
education

and research,
recreation, nature
worship, and
spiritual enrichment

aesthetic beauty,
ecotourism,
education

and research,
recreation, nature
worship, and
spiritual enrichment

Almost all households in the mountain area mentioned that they consume mushroom (100%) and edible wild fruits/

vegetables (97%) from the forest ecosystem. About 83% of the mountain communities collect forest fuelwood.

Despite deforestation and degradation of the forest, it still accounts for the supply of fuelwood in the mountain

area. Only 7% of households in the floating garden and 8% in the market area consume forest fuelwood. This

suggests that mountain communities have greater access to forested areas. Similarly, many wetland services are

predominantly utilized by floating garden communities. About 91% of floating garden households use water for

bathing, 66% for fishing, 28% for fodder, 24% for seaweed, and 14% for irrigation. The agro-ecosystem seems very

productive in the mountain area growing. About 93% of the households cultivate vegetables, 87% cultivate paddy

and mushroom, and 65% collect fuelwood from the area agro-ecosystem. Similarly, households in the market area

are also reliant on their own agro-ecosystem for vegetable production (87%), ornamental plants (67%), fuelwood
(38%), and edible wild fruits (37%).

In an average of these three study sites, households rely on freshwater for their drinking-water supply (93%), for
bathing (61%), for irrigation (6%), and for its supply of sand and boulders (3%). In addition to the forest, study
results indicate that communities meet their fuelwood demands through the agro-ecosystem and the wetlands. The

percentage of provisioning goods and services collected from four ecosystems are presented in Figure 13. Out

of total consumers of particular ecosystem services percentage of user households from each three study sites

(floating garden, market area and floating garden) was calculated. Changes in the availability of these services



Figure 13: Provisioning ecosystem services utility from different ecosystems
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in the years 1989, 2000, and 2014 are highlighted in Figure 14. Study results show that the local communities
of these study areas make use of a wide range of provisional services — and a significant proportion of people

are directly dependent them. However, the significant changes in these ecosystems over time mark an alarming

indication of their threatened sustainability, as also reported by others (Sidle et al. 2000). Considering the limitations

on methodological approach and objective of the study, the economic valuation for ecosystems services could not

be assessed. However, information derived from participatory rural appraisal and HH survey results estimated a

requirement of 10 - 23 litres of drinking water per household per day (excluding livestock). Thus, using direct cost,

an annual economic value of freshwater for surveyed households (N=178) is estimated to be in the range of USD
116,946 - USD 268,975.8 (considering local market value of 1 litre of drinking water = USD 0.18)

Wetlands act as a “sink” for carbon and as a climate “stabilizer” (Khan 2000), providing key benefits to human

society (Turner et al. 2000). Wetlands are defined as “the areas of marsh, fen, peat land or water, whether natural

or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt, including areas

of marine water the depth of which at low tide does not exceed six meters” (Ramsar Convention Secretariat

2013). Most study households have an awareness of the environmental benefits afforded by various ecosystems.

Between 58% - 95% of households (105 - 170 households) noted that the forest ecosystem plays an important

role in regulating existing environmental conditions (Table 11). Among the major regulatory activities that forests

perform, households articulated awareness of erosion/flood control, climate regulation, carbon sequestration,

water retention, and pollination and seed dispersal. About 73 households mentioned that the agro-ecosystem aids

in pollination; 24 mentioned that it serves in nutrient enrichment; and 9 noted the agro-ecosystem in regulating

climate and ground-water recharge.

In addition, 28 households have some
awareness that the freshwater ecosystem
contributes to ground-water recharge. In
regard to awareness of wetland services,
52 households mentioned its contribution
to soil fertility; 50 households noted its
significance in ground-water recharge; and
49 households mentioned its function in soil
formation. Only 2 households mentioned
the wetland as significant in regulating
water-retention capacity (Table 11).

The number of households who mentioned
the regulatory role of forest is illustrated

in Table 11 and forest representation in
LULCC maps for the years 1989, 2000, and
2014 are shown in Figure 15. In Inle Lake,
community awareness of the ecosystems’
role in regulatory services is inspiring,
compared to similar studies conducted in
Bhutan (ICIMOD and RSPN 2014) and in
Nepal (ICIMOD and MoFSC 2014).

Almost all households are aware that

the forest ecosystem supports ecosystem
resilience, providing a habitat for species,
hydrological cycle, and soil formation.
About 92% of households mentioned the
forest’s support of ecosystem resilience;
12% noted the agroecosystem’s function in
soil formation; 21% noted that the wetland
provides a habitat for species; and 13%
noted that freshwater also serves as a home

Table 11: Household’s awareness of regulating services in

each of four ecosyste

Carbon sequestration
Climate regulation
Erosion/flood control
Ground-water recharge
Nutrient enrichment
Pest regulation
Pollination

Seed dispersal

Soil fertility

Soil formation

Soil stability

Waste treatment
Water purification

Woater retention

ms

each ecosystem

Number of households aware of service in

Forest
ecosystem

155
165
170
129
119
163
105
146
117
109
142
122
155
152

Agro-

ecosystem

12

9
14

9
24
22
73
26
23
22
17
21
13
23

Fresh-

water

4
12
5
28

11
11

10

Wetland

43

6
33
50
39

3
11

9
52
49
21
34
13

2

Table 12: Household’s awareness of supporting services in

soil
formation

59
12
20

each of four ecosystems
Ecosystem Percentage of households awareness of each
supporting service
ecosystem | habitat for | hydrological
resilience species cycle
Forest 92 82 85
Agro-ecosystem 7 11 4
Wetland 4 21 19
Freshwater 1 13 7

9



Figure 15: Regulating services from four ecosystem in the year 1989, 2000 and 2014
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Figure 16: Supporting services from four ecosystems in the year 1989, 2000 and 2014
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Figure 17: Households reporting on Cultural to many species (Table 12). Awareness of these
services from four ecosystem supporting services in the years 1989, 2000, and
2014 are presented in Figure 16.
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Forest Agro- Freshwater Wetland enrichment. About 65% of households remarked
ecosystem on the forest’s aesthetic beauty; 62% highlighted
the forest’s recreational activities; and 24% noted

cultural benefits provided by these four ecosystems,
such as aesthetic beauty, ecotourism, education and

Household percent

Ecosystems
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Similarly, the freshwater ecosystem in Inle Lake is
also appreciated; 48% of households praised this
feature of the environment, 86% of the households
emphasized the cultural benefit of ecotourism drawn to the area by freshwater and wetland. The number of

households highlighting cultural services derived from each of the four ecosystems is provided in Figure 17;
graphical representation of LULCC in the years of 1989, 2000, and 2014 appears in Figure 18. Study results
revealed that the local communities value these ecosystems as important sources of cultural significance and
as sources of economic development through recreational activity. This could explain Inle Lake’s importance on
national tourism-development agendas (Ingelmo 2013; MoHT 2015; MoECF and MoHT 2015).

Perceived socio-ecological and cultural values of ecosystem services

The local community rely on a wide range of indigenous knowledge securing their livelihood (Woodthorpe 1897;
Ba 2003; and Oo et al. 2003). They ranked Teak (Tectona grandis), bamboo species (Bambusa polymorpha;

Figure 18: Crop production and food security
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Dendrocalmus strictus), Gurjun Tree (Dipterocarpus tuberculatus), Pine (Pinus spp.), Gnagaw (Mesua ferrea), Yinma
(Chukrasia tabularis), Burma cedar (Cedrela toona), and Eucalyptus as important for their daily use. These are
socially very important as construction materials, as highlighted by about 85% of households. Teak is very expensive
and somewhat rare, households explained. D. tuberculatus, one of the [IUCN red-listed threatened species, is found
— and valued — by communities in the study site. This further calls for the protection of D. tuberculatus. Pine and
Gangaw among others are major sources for fuelwood in the market and mountain areas, as reported by 50%
households.

Wetland and freshwater are home to numerous aquatic species, some of which have been reported dating back to
the early 1900s (Oka 1922). About 40% of households mentioned the importance of carp from Inle, as it represents
high value for Intha's festival. Households mentioned not having seen carp for a long time. People believe that if
the Inle carp disappears, the lake will also disappear. The Inle carp (Cyprinus carpio intha), known as nga-phane,
is considered a cultural symbol of the local Intha people (Bruneau and Bernot 1972). It also serves an important
role in the food supply and has become scarce (Butkus and Myint 2001). The declining population of Inle crap
can be aftributed to decreased water-clarity levels associated with suspended sediment and eutrophication (Su and
Jassby 2000). Yay Kyat is one of the bird species symbolic of Inle Lake’s beauty. Households mentioned these birds,
embracing their socio-ecological value and offering an urgent plea to protect this species from extinction. Eels are
also important, as they signify economic well-being of the household, can be exported to China, and carry a high
social value.

Tomato retains a high social and cultural value as a cash crop and as an important ingredient. About 60%

of Households’s ranked tomato as very important, and 10% ranked it as important. Pig represents household
economic status within the community, marking it with high social value. Households commented on rabbit as a
crop destroyer. Peacock is considered a positive symbol of the forest — and communities believe that peacock
prey on snakes, which add to their perceived value. About 45% of households mentioned decreased numbers of
area peacock. Households also perceive tortoise to be auspicious indicators of productive agricultural land. Thus,
community households ascribed high ecological value to both peacock and tortoise. About 4% of households
mentioned that wild boar has not been seen in the area for a long time.

About 79% of households mentioned that Paung Daw Oo Pagoda and Alo Daw Pauk Pagoda carry high cultural
value, as also indicated by Kyaw (1996). These famous area pagodas warrant an annual visit and have been
included in the tourism products of Myanmar (Ingelmo 2013). A yearly festival takes place at each of these
pagodas, every September/October and every December, respectively. Paung Daw Oo Pagoda can be reached
by boat tour on Inle Lake, and it houses five small golden Buddha images. Alo Daw Pauk Pagoda can also be

reached by Inle Lake boat. In recent years, tourism has been promoted and is considered promising for economic
development in the area (Ingelmo 2013; Yee 2014; Munz and Molstad 2012).

Willingness to pay (WTP) for environmental management

About 96% of households showed willingness to pay (WTP) for fully managed ecosystems if communities are
ensured the improved flow of goods and services from them. Only 3% of households remarked that ecosystem
benefits are free in nature and should not require payment. Most community households are willing to pay either in
cash or kind for the management of major ecosystems. WTP in cash ranges from 5 USD to 20 USD per household
per year. WTP in kind ranges from 12 days to 36 days per person per year. Households indicated that funds
generated for ecosystem management in the study area should be maintained and administered by either the village
head (56%) or by the local community (55%). Only a few households preferred such funds to be managed by Non-
Governmental Organizations (NGOs) (Table 13). The high rate of WTP could be due to perceptions of increased
potential for economic wellbeing for the Inle Lake (Ingelmo 2013).

Livelihood vulnerability assessment

Across the study sites, an average of 68% of farmers have adequate food for more than a year — on the other
hand, 26% of households have adequate food for less than three months. Farms in the mountain area are very
productivity, resulting in food security for more than a year. Food security status varies widely: from 98% in the

mountain area to 28% in the floating garden. Due to poor production and less land for cultivation, about 50%
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of the households in the floating garden Table 13: Fund-management preferences

have adequate food for less than 3 months

(Figure 19). However, there are variations on Who should manage Floating | Market | Mountain | Total
availability of food in terms of difficult time generated ecosystem funds | garden area ared

during the year (Figure 20). Mountain faced

difficulties during winter whereas floating loze] cemmuiily 15 21 19 53
garden in the monsoon and market area in Government 20 4 4 33
summer. For the food-distressed population in NGOs 0 3 1 4
the floating garden, households reported the Village head 15 11 30 56
most difficult month as November (17 HH), Others 8 16 6 30
followed by June and Oct (6 HH each). Inthe  Total 58 60 60 178

market area, households experienced food

security issues in April (7 HH), July (4 HH), and June (3 HH). Monthly food distress is shown in Figure 20. In addition
to food deficits, households also reported an illness or accident befalling a household member and the degradation
of natural ecosystem as other major difficulties they’ve encountered. Coping mechanisms include cash loans, grain
loans from kin, meal adjustment, and selling of household assets or animals (Table 14).

Figure 19: Crop production and food security Figure 20: Most difficult months for adequate food

9
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Less than 4-6 months 10-12 More than
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Table 14: Coping strategies adopted by local communities in the study areas

Crisis HH % in HH % in HH % in Coping strategy
Floating Market Mountain
garden area area
Minor problem 0 2 0 Taking loan, meal adjustment,
Poor production Maior problem 0 8 0 temporary labour migration
Food shortage Minor problem 33 15 2 Taking loan, saving and selling
g Maijor problem 5 3 0 of own crop
lllness/accident of a | Minor problem 31 17 17 Taking loan, cash or grain
household member; . loan from merchants, selling of
buying medicine Maior problem 22 22 . household assets and jewellery
Irregular remitiance Minor problem 2 2 0 Taking |oon.ond repaying when
money received
Market fluctuation or Minor problem 2 8 g Loan from bank, mortgaging
inflation Maijor problem 3 5 0 farmland, meal adjustment
Degradation of Minor problem 24 20 0 Nothin
natural ecosystem Major problem 2 45 0 g
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Table 15: Long-term changes during the past ten years

Maior indicators

Frequency of illness

Health facilities

Purchasing power

Possibilities for generating
income locally

Possibility of generating income
from remittances

School facilities

Quality of public services

Forest access

Forest cover

Soil fertility

Food security

Veterinary facilities

Family size

Long-term changes

during the past 10 years

No change
Declined

Increased

No change
Improved/increased

Worsened/declined

No change
Improved/increased
Worsened/declined
No change

Improved/increased
Worsened/declined
No change

No change
Improved/increased

Worsened/declined

No change
Improved/increased
Worsened/declined/
No change
Improved/increased
Worsened/declined
No Change
Improved
Decreased

No change
Worsened/declined
No change
Improved/increased
Worsened/declined
No change
Improved/increased
Worsened/declined
No change
Improved/increased

Worsened/declined

Percent of
households

60
13
28
42
58

1

35
54
11
38
53

9

100

67
24

15
84

21

78

93
29
71
54
41

59

28

42
30

Remarks

Due to increased number of health facilities

Age factor, high blood pressure

Improved health clinics

Health facilities lacking or non-existent from the
start

People started earning more
Increased market price
No idea

Increased daily labour opportunities in Nyaung
Shwe and Heho

Job opportunity scarcity for older people and
those in poor health

People do not migrate

After primary education students must go to
other village for further studies

Not applicable
Not applicable
Not applicable

No forest remains near village area

Siltation; deforestation
Not applicable

Use of chemical fertilizer

Not applicable
Not applicable

Not applicable
Not applicable
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Maijor indicators Long-term changes Percent of Remarks
during the past 10 years | households
Security No change 49
Improved/increased 49
Worsened/declined 2
Communications No change 17
Improved/increased 83 Phone and mobile facilities
Transportation No change 8
Improved/increased 85 Roads/transportation improved
Worsened/declined/ 7 Decreased water level in Inle Lake
Water availability No change 41
Improved/increased 4 Drinkable water available for purchase
Worsened/declined 54 Lake water not drinkable for the past 10 years;
drying up of two ponds; high dependency on
rain water
Water quality No change 59
Improved/increased 4
Worsened/declined 37
Decision making No change 47
Improved/increased 52
Worsened/declined 1

Long term changes in the socio-economic indicators in the community

Socio-economic indicators of wellbeing in these communities have changed during the past decade. Increased
numbers of health clinics in the study areas have contributed to improved health. With the increased demand
for daily labour and more job opportunities in Nyaung Shwe and Heho, purchasing power of individuals in

the community has increased, as reported by 54% of households. However, work remains a challenge for

older residents. Interestingly, the area has not been experiencing in or out migration, negating any possibility
for remittances. Additional improved social indicators include increased quality of public services, such as
transportation, communications, safety, decision-making, and food security. However, forest cover has declined,
limiting forest access. Water availability and quality has diminished throughout the past decade. Soil fertility has
degenerated to its maximum point and chemical fertilizers are being used. Details are presented in Table 15.

Along with the socio-economic and ecological changes in the study area described above, 114 households noted
that ecosystem-management activities have been carried out in their surrounding area. On average, 93% of the
households in study area stated that such activities have improved livelihood. The site-specific segregation of
responses indicates that 100% of mountain area households report improved livelihood, followed by 43% in the
market area, and 12% in the floating garden. However, 16% of households are unsure if improvements are a result
of ongoing ecosystem management. Mountain area households acknowledged that United Nations Development
Programme initiatives and reforestation efforts have had positive influence on livelihood. Ongoing activities include:

®  Wetland and riverside cleaning
®  Rain-water harvesting
® Village-area tree plantation on the eastern side of Inle lake, overseen by the village head and forest department

In addition, Inle Lake has also been the recipient of numerous developmental interventions to sustain its ecosystems
and the crucial goods and services produced for local communities (Brunse 2012; Jensen 2012; Jensen and Theint
2012 a, b; Kristensen 2012). During focus-group discussion, it was mentioned that wetland and riverside cleaning
is performed yearly, just before the Intha Festival. The government has initiated this process and deploys a large



number of workers to clean the loke. The community remarked that the lake-cleaning process should be executed
more than once a year. Forest plantation is seen as the primary solution for restoring the country’s forest cover. Htun
(2012) reports that plantations have been encouraged by the local government for local, commercial, and industrial
use, and for watershed protection.

Htun (2012) further notes that for commercial plantations, a major constraint has been the difficulty in acquiring
seeds and seedlings as a result of previous overexploitation and removal of seed-bearing trees. With this in mind,
households noted that the forest department has provided free seedlings. The forest department has also initiated
Eucalyptus growth. The communities must tend to grow these trees, but once the trees are mature, communities
can use them for timber, construction material, or for sale in the marketplace. Households proposed the following
activities and initiatives to further improve livelihood:

m  Capacity building and material support (including seed) for agriculture in order to improve productivity and
prevent soil erosion

®  Restoration and management of forest to improved freshwater supply and irrigation

® |mproved irrigation facilities for agriculture

®  |Improve livestock-breeding techniques and access to veterinary facilities

= |Improve educational facilities (in the mountain area, there is no high school; students either go to cities/towns or
discontinue their higher studies.)

®  Provide access to electricity and alternative energy (solar equipment)

®  Provision for fair trade and free trade allowance with other countries

®  Availability of soft/interest-free loans and micro-finance and agriculture facilities

®  |mproved market and job opportunities

m  Additional transportation, access to better roads, and improved road maintenance

®  |Improved health and health education
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Conclusion and Recommendations

People in the study area depend mainly on forest, agriculture, floating garden, and freshwater ecosystems for
livelihood. These populations have growing concerns about the increased demands on their ecosystem services.
The study has identified community benefits and services derived from the forest, floating garden, and freshwater
ecosystems—all of which have declined and been infringed upon by usage and cropland expansion. From 1989
to date, the forest area has been reduced by 92 km?. Despite this huge reduction in forested area, mountain
communities find few alternative options for fulfilling their needs. Thus, they remain dependent on the shrinking
forest.

Communities have come to understand that reduced forest cover means reduced forest services — amounting to
reduced livelihood. Thus, a few of mountain area communities have limited open grazing and adopted stall-feeding
practices instead. Access to alternative energy (improved cooking stoves; bio-gas installation) would further alleviate
demand on the forest, reducing the community’s dependency on fuelwood. The ongoing practice of free seedling
distribution has brought some change to communities, but the results seem insignificant. In some cases, planted
seedlings die. Thus, beyond seedling-distribution, follow-up inspection, replanting, and care are required to ensure
an adequate seedling survival rate.

There are further concerns that deforestation and degradation upstream has increased the rate of siltation in

Inle Lake. Additionally, heavy rainfall tends to increase the landslide rate, further impacting the lake and the
communities. Study results revealed an increase in the number of livestock, which leads to increased demand

on resources. Irregular and unplanned management activities often lead to an unsustainable extraction of
ecosystem goods and services, degrading the ecosystem further. Thus, a proper management plan and effective
implementation will help address such concerns. Forest management, lower- and mid-stream wetland management,
or other alternatives should be promoted for supplying fodder to livestock upstream. Since 1989, there has been

a significant reduction in wetland area due to conversion to cropland. Cropland has increased from 3,232 km? in
1989 to 3500 km? in 2014. This conversion has had a major impact in the following ways:

®  The huge reduction in wetland area has had an alarming effect on the large number of globally threatened,
vulnerable, and critically endangered species in Inle Lake; and

®  The leeching of chemical fertilizer into Inle Lake has caused an algae bloom and eutrophication, reducing the
quality of water and impacting aquatic life.

Recognizing the importance of Inle Lake as a major tourist attraction, a conservation and watershed-restoration
program were launched in 1997. However, many studies indicate continued infilling of the lake with sediment. This
leaves further room to improve Inle Lake’s ongoing reclamation and rehabilitation programs and projects. Fresh
and healthy water is essential to aquaculture and healthy fisheries. Decreased water levels and quality have reduced
the number of fish in Inle Lake. Water levels have also impacted the major means of transportation in the area, as
certain depths are required for boat-rowing. While the alternative of road transportation has recently become viable,
this does not help the communities living in floating garden and on Inle Lake itself.

While the problem is most pronounced in the mountain area, the availability of drinking water is an issue faced
across all of the study sites. Due to run-off, the high slopes of the mountain area retain no rainwater and water
tables cannot recharge, leaving the ponds dry. An investment in establishing fresh water ponds in the foothills of the
mountain area might serve as one possible solution for addressing rain-water run-off and water-scarcity issues. As
evidence shows in the topographically similar area of Himachal Pradesh in India, establishing rainwater-harvesting
ponds can successfully support sustenance and provide irrigation to thousands of people.

Communities are willing to pay for managed ecosystem services, if that payment safeguards and ensures the
continuous flow of ecosystem good and services in long run. Since Inle Lake is a primary supplier of hydropower to
the south of the lake, a Payment for Ecosystem Services (PES) mechanism can be initiated in between the hydropower
plant and Inle Lake. Communities strongly suggest that local and state institutions are essential to managing a PES-
generated fund. Communities noted the existence of a local institution overseen by the village head. Rather than



creating a new fund-management body, such an existing institution could be improved and asked to function in this
capacity. This would also serve to empower the communities and increase their ownership of resources.

As a result of both the tourism boom and the increase in agricultural activity, Inle Lake is considered the most
changing site in Myanmar. Thus, more extensive studies are necessary. Local communities have noted that the
freshwater area is in decline, but this demands further study before we can reach any conclusions. More than water
is required to restore a wetland ecosystem. Setting, landscape, habitat, topography, soil properties, nutrient supplies,
hydrological and disturbance regimes, invasive species, seed banks, and declining biodiversity can all impact the
restoration process. Therefore, restoration approaches that rely on field experimentation at multiple sites and across
a temporal scale can serve to illuminate the complexity of the restoration process.

Integrated wetland research combining social and natural sciences can help, in part, to address information gaps
and to achieve the required consistency. Such integration also mitigates dubious data and grey area through
implementation of specific models pertaining to biodiversity and socio-economics. The current extinction crisis
requires dramatic action to save the variety of species; most conservation biologist recognize that, although we
cannot save everything, we should at least ensure that all ecosystems and habitat types are represented within

regional conservation strategies.
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