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Abstract

Myanmar is located in the centre of Indo-Burma Biodiversity Hotspot, however, it is vulnerable in
terms of conservation for water environment and living organism except for certain areas.
Suppling good quality of water is becoming difficuit. Restoration of the natural environment is
required. On the other hand, the economic activities in urban areas are given priority. The country
has diverse life culture that should be respected, environmental protection measures with
development are necessary. In this paper, we collect examples on the water quality and evaluate
water resources in Myanmar. There are many unclear factors of water footprint, blue water
availability evaluations. The basal information is necessary to discus future issues on water

environment.

Keywords
Blue water availability; blue water footprints; Chin state; Inle lake; Shan state; water management

INTRODUCTION
Water scarcity is growing serious and threat to the environment, human health, development,

energy security and food supply (Pereira et al. 2009). Although Myanmar is one of high water
availability country for whole country base, it is only from a partial view. Water shortage risk in
Ayeyarwady (Irrawaddy) river basin appears in February, it is thought to be stable throughout the
year based on data for the period between 1996 and 2005 (Hoekstra and Mekonnen 2011). In the
long-term, however, the flow volume of the basin had shown a significant declining trend when
compared with records from the 1870’s (Furuuchi et al. 2009). Another difficulty of valuation is
much less of water quality data. The risk of arsenic in drinking water is estimated based on hydro-
geological conditions. But, there are very few examples of actual measurement. The authors show
some water quality data in Chin state and Shan state, and present challenges to be addressed for the

future.

WATER RESOURCES

Estimated water resource per capita for each area in Myanmar is shown in Figure 1. Total
renewable water resources are 1,168 x10° m?/year. Water resource per capita for whole country is
19,481 mP/inhabitant/year. Total water withdrawal and freshwater withdrawal as % of total
renewable water resources are estimated 33.23 x10° m*/year and 2.845 %, respectively. Myanmar is
endowed with abundant water resources. But, there is no detail or accurate data because results are
all estimation. Also, here are problems related to their uneven spatial and temporal distribution
(AQUASTAT). The monthly distribution of river flows closely follows the pattern of rainfall,
which means that about 80 % flows during the monsoon season (mid in May-October) and 20 % in
the dry season (November-April). The north-south direction of Myanmar’s mountain ranges is
reflected in the flow of its major rivers. Ayeyarwady (Irrawaddy)-Chindwin river basin, which is
almost entirely located in Myanmar, drains 58 % of the territory.
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WATER QUALITY MEASUREMENT

Authors measured stream and lake water quality in two rural area, Chin state and Shan state. The
southern Chin Hills are north-south oriented mountain ranges. Their altitude varies from 1,000 m to
3,000 m. The Chin hills are rich in biodiversity with many endemic floral and faunal species,
including some endangered ones. People liviag in this region have their own unique traditions,
which are still fairly distinct from those of other states. They make their living mostly or solely
using the rich resources of the surrounding forests. The Chee river catchment provides good quality
water to the local people and community (Figure 2). The annual water temperature of the river at
735 m altitude around Mindat is between 12-26 degrees Celsius. The water chemistry, pH and the
electric conductivity (EC), are stable throughout the year being around 7.5-8.0 and 0.1-0.2 mS/cm,
respectively. The dissolved calcium and magnesium ions are 38 and 6.2 mg/L, respectively, which
is in the middle hardness range according to WHO guidelines (Table 1). EC of the rainwater was
0.032 mS/cm, indicating there is much less acrial pollution than an urban area. Total organic carbon
is around 2-3 mgC/L. Terrestrial humic substances in DOM is detected by excitation emission
matrix fluorescence spectroscopy (EEMS). Nevertheless, alterations to the riverscape have been
confirmed from recent observations.

Due to annual large-scale heavy rainfall in recent years, the form of the Chee river has
altered and the gap in the riverbed has been filled by fine soil which has been transferred from the
catchments mountain slopes. In hot season, from April to May, much filamentous algae grow in
slow current areas of the riverside. Nutrients supplied from slash-and-burn agriculture is inferred
(Figure 2). Although it is a temporary phenomenon, pollution from organic substances is induced
and the micro-habitats of various benthic invertebrate is affected or destroyed. Overall, the aquatic
biota is simplified, which in turn contributes to a decrease in predatory fish species.

Shan State is largely rural and a hilly plateau, the Shan Plateau with only three cities of
significant size: Lashio, Kengtung, and Taunggyi. The largest is the Inle lake in Taunggyi district
which runs some 24 km from north to south and 13 km from east to west, covering an area of 155
km?. The people of Inle Lake, 70,000, live in numerous small villages along the lake's shores, and
on the lake itself. Inle Lake is suffering from the environmental effects of increased population and
rapid growth in both agriculture and tourism (Akaishi et al. 2006).
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Figure 1. Estimated water resource per capita (m*/inhabitant/year) for each area in Myanmar.
Datasets are based on AQUASTAT estimate and Myanmar Statistical yearbook (2010).
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Figure 2. Chee river in Mindat, primary forest in Kampetlet, and shifting cultivation in Mindat.

Table 1. Cation concentration of river water sample in 2014.
Chee-C Chee-C Saw-C Rainfall

Mindat Magway Kampetlet Kampetlet

Na, mg/L 9.5 10.9 45 11
NH,4, mg/L 0.0 0.0 0.0 0.0
K, mg/L 0.7 1.0 0.1 0.6
Mg, mg/L 6.2 6.9 3.4 0.2
Ca, mg/L 38.6 45.1 37.2 1.2
Hardness, mg/L 122 141 107 4

Figure 3. Inflow of dense suspended solid, wide tomato cultivation land sprayed chemical
fertilizer and pesticide, small flotilla of old engine boat.
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Figure 4. EEMS of Chee river water and Inle lake tomato culture water.
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Total organic carbon is around 5-10 mgC/L. The electric conductivity (EC) is more than 0.5
mS/cm in many sampling points. Another DOM peaks by EEMS that is difficult to distinguish the
origin were appeared from Inle lake water samples (Figure 4). It is not originated from both humic-
like and ptotein-like substances, but may be from pesticide on the floating gardens or leaking of
engine oil from boats. Other anthropogenic causes are also presumed such as organic dye from
coloured effluents. Very high contamination of suspended solid in inlet of lake. All surrounding
trees were cut and water capacity has been decreased. In 2016, water scarcity was prominently
appeared in whole catchment.

IMPORTANCE OF FOREST MANAGEMNT

Past rainfall data for Southern Chin state has never been recorded however, the annual rainfall of
Falam and Hakha in the Northern Chin state are 1,457 mm and 1,811 mm, respectively (MNPED
2010). Also, the rainfall on the West Coast side reaches 4,000-6,000 mm due to the effect of the
Indian summer monsoon (FAO 2015). In Mindat, rainy day starts in April and continues until in
October (Weather Outlook 2015). Therefore, the water retaining function of forests are extremely
important in preserving water resources during the dry season. A ratio of deforestation from 2001
through 2010 in Chin state is 0.28%, and it is the most protected region among other areas in
Myanmar (Wang and Myint 2016). Therefore, reduction in forest cover due to slash-and-burn
agriculture during the 1990’s and early 2000’s is of increasing concern from the perspective of
maintaining both water quality and quantity (Fujino et al. 2013).

In Shan state, on the other hand, most trees around Inle lake has been cut. Myanmar
Government has master plan for recovering Inle lake environment in 2015, but system to execute
the plan has not yet well-equipped. Together with pollution control, it is important to collect
baseline data on hydrological processes as soon as possible.

HIGH RISK AND VULNERABILITY OF WATER ENVIRONMENT MANAGEMENT

The Government signed an agreement with China Power Investment Corporation in 2007 for the
construction of seven large dams along the Ayeyarwady river catchment in Kachin state.
Construction has not yet been carried out due to opposition from local residents. For Myanmar,
baseline data on water volume and water quality are very insufficient. During the dry season, Inland
areas of Myanmar are concerned about water shortages. At present, water management is extremely
vulnerable, and large dam construction has a high risk of environmental destruction. As
recommendations, water footprint and blue water availability evaluations in high accuracy are

necessary (Hoekstra et al. 2012).
Water scarcity over the year for

Ayeyawady river basin in
Myanmar were estimated (Figure
5). The different between dry and
rainy seasons in natural runoff is
clear. There are two peaks in blue
water footprint because of double
cropping of rice. Blue water

100.0 \* -
/ N availability is still not accurate due
A S i B \\ to rack of measurement data.
==l B Environmental flow requirement is
1 3 5 7 9 i also unknown. Accurate grasps for
both water quantity and quality are

Figure 5. Water scarcity over the year for Ayeyawady river.  required.
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Current Situation and Problems of Inle Lake Water
Management in Myanmar
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Introduction

Inle Lake, the second largest lake of Myanmar, is situated in Shan State in the
north-eastern side of the country. The Inle Lake is not only designated as the
main attraction of Myanmar's booming tourism but also nominated as one of
the heritage of ASEAN countries. The main business of in this area is
agriculture with floating gardens. This lake is considered as a warm polymictic
lake and the trophic state is eutrophic. in Inle Lake, there are a lot of floating
farms in floating islands and are made from masses of floating vegetation.
Floating farms are found around the lake margins, tomatoes being a major
crop. The tomato plantation is the major food from the Inle floating island
agriculture and produces about three tonnes per year and distribute
throughout the country. The chemical poliutants from the farms, human
wastes and domestic wastes produced from the peoples in everyday finally
accumulated in the lake and become contaminated.

Experiments and Resuits
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Location of Inle Lake

Pesticide and chemical fertilizers ples for Experi

Objectives

In the last decade, the lake has been facing
serious threats due to the use of chemical
fertilizers, pesticides, and organic fertilizers,
man-made pressure leading to the deterioration
of its water quality and shrinkage of the open
water area. This research aims to identify the
problems based on data collected from lake
authorities, investigation of field data, water
quality survey and to prepare the management
plan for biodiversity conservation of Inle Lake. It
can be useful for the major problems of
eutrophication, water pollution, and controlling
and monitoring water quality, environmental
deterioration and to preserve the lake for future
generations.

Main Crops of Agriculture Zones of Inle Lake
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The Inle Lake is faced with combined threats

from natural and anthropogenic activities

causing a reduction in lake storage capacity,

deterioration of water quality, the effect on

navigability, decline in livestock and other

products. The main problems of the Inle Lake

in many places is its eutrophic state and some

places suffer from mass eutrophication due to

anthropogenic activities.
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Assoc. Professor Takeshi Fujino visited Three Myanmar Universities in 2017 and 2018.

Associate Professor Takeshi Fujino visited Mandalay University (MU, Mandalay) on March
26 — 28 and June 1 in 2018, Yadanabon University (YU, Mandalay) on October 9 in 2017 and
March 28 in 2018, and Technological University (TU, Taunggyi) on October 10 in 2017 and
March 29 in 2018.

Mandalay University (Mandalay) is located in the central of Mandalay City and, top class
and the oldest University in Myanmar along with Yangon University (Yangon). Fujino met
Prof. Thida Win (Rector), Prof. Myin Zu Minn (Pro-Rector, the former Pro-Rector of
Yadanabon University) and many teaching staffs. They discussed about research collaboration
and a memorandum of understanding (MoU) between MU and Saitama University. Prof.
Myin Zu Minn knew about Fujino from her acquaintance in the water laboratory belonging
to the Forest Department in Nay Pyi Taw, and contacted him in June 2017. Fujino visited
Yadanabon University and introduced his activities in Myanmar. Later, Prof. Myin Zu Minn
moved to Mandalay University as Pro-Rector in December 2017. Fujino and his colleagues in
other Universities visited MU twice, and found counterparts in each research field. MU
agreed to undertake MoU to the Ministry of Education.

Taunggyi Technological University (TU, Taunggyi) is located in Shan state. There is Inle
lake, the second largest lake in Myanmar, between Heho airport and University. TU hopes to
contribute to environmental conservation of the lake, however, there is no staff who works for
environmental studies. Prof. San San Yee (Rector) graduated Japanese University, and she
expects to work with Fujino-Lab continuously. Fujino is giving advise to the first two female
graduate students in TU. There topic is water footprints assessment of tomato cultivation in

Inle lake.



Photo 1. Visiting to Mandalay University on March 26 in 2018.
Rector Thida Win (left of Fujino) and Pro-Rector Myin Zu Minn (right of Fujino), teaching

staffs and students, after Fujino’s seminar.

Photo 2. Visiting to Mandalay University on March 28 in 2018.
At Department of Zoology, Prof. Thant Zin, Dept. Head (right of Fujino) and Assoc. Prof. Ni

Ni Win and Moe Moe Khine, after the stream survey in Mandalay and Shan state.



Photo 3. Visiting to Yadanabon University on October 9 in 2017.

Pro-Rector Myin Zu Minn (right of Fujino) and teaching staffs, after Fujino’s seminar.

Photo 4. Visiting to Yadanabon University on March 28 in 2018.

Rector Maung Maung Naing (right of Fujino), after group discussion.



Photo 5. Visiting to Technological University, Taunggyi on October 10 in 2017.

Rector San San Yee (right of Fujino) and civil engineering teaching staffs after the meeting.

Photo 6. Inle lake water and environment survey with graduate students of Technological

University, Taunggyi on March 29 in 2018.
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