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Abstract 
  
 

The City, Yangon, the former administrative capital of Myanmar, has more than 
five million people and is also the major commercial area. 
 Before 1990 the area of Rangoon (Yangon) was 347.36Km2. Over the last 
decades, definitely since 1990, significant changes in land use have occurred in Yangon. 
These are continuing present and future too. The impact of land-use for urbanization on 
Groundwater has a significant concern since the year 2000. Increasement in the 
impervious area due to urbanization results show decreased infiltration, affecting the 
groundwater storage and involved in groundwater quantity and quality in the discharge. 
The land-use changes the area with population increase, rise in food, and industrial 
activities have to reform the land-use patterns. The result of Groundwater has decreased 
the recharge, but discharge is an increase. In this study, a reference to the real picture of 
land use, the progressive urbanization of Yangon (Rangoon), stared in 1963. The ratio of 
the land area is 1:2 before 1988 and after 1988. The drastic increase of built-up area and 
reduced green cover within the city boundary limit. The expansion of the new settlement 
areas will directly impact the decrease of groundwater parameters. Proper land-use 
planning and Groundwater management is key to the socio-economic upliftment of a 
region. The recharge and discharge ratio became 1:2 in 1983 to 1:1 in 2014. The 
objectives of this study refer to the existing data and reports are the impact of land use 
for urbanization on Groundwater in present days and future Mega City Yangon. 
 
Keywords: Urban, Groundwater, Land use, and cover change by urbanization  
 

 

 

 

 

 

 

 

mailto:myint.thein.geo@gmail.com


Impact of land-use for urbanization on Groundwater YANGON, 25th December 2019 
 

  
Myint Thein *, Consultant Groundwater & Wells (Freelance)  myint.thein.geo@gmail.com :  

BOD (Myanmar American Science and Technology Association Alumni, New York, US)  
2 

 

Introduction 

 Yangon is the most massive capital with the 5.2 million (Census 2014) population 
in Myanmar. The Greater Yangon lies along the Yangon River between 17°06’ and 16°35' 
N latitude and between 95˚ 58' and 96˚ 24' longitude and is located 34km upstream from 
the mouth of Yangon River.  
 

The topography is showing that the low hilly 
terrain, which is a long and narrow spur of Pegu 
Yoma (Pegu hill) ranges in the central area 
running in the N-S direction with an average 
height of 30m and degenerates gradually flat 
plain to the south, southeast and southwest. The 
rivers, namely the Hlaing River on the west, 
Ngamoeyeik Creek on the east, Yangon River on 
the south, and Pazundaung Creek on the 
southeast, are bounding central Yangon. These 
rivers affect groundwater quality. 

Nowadays, the area of the land for the 
urbanization of Yangon is 794.50Km2. The area 
compared to the size of Yangon before 1988 is 
more than two-fold. Yangon City Development 
Committee (YCDC) expected to reach above10 
million population in 2040. The development with 
both urbanization and industrialization and 

forecasted to become a megacity in the future. However, Groundwater, the secondary 
water supply source for Greater Yangon, is degrading on quantity as well as quality in 
discharge area and less volume of storage in the recharge area because the previous 
recharge area became impervious land of building and infrastructures. In the present 
situation, the ratio of recharge and discharge is almost 1:1is predicted. The groundwater 
flow in the the sedimentary area is slow, years to a thousand years. 

 
 

Fig. (1) Groundwater flow rate of Sedimentary layer (Theoretically) 
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Land use and urbanization 
Urbanization is a long-term form of land-use. The land-cover changes are 

extending increase is linked to population growth and economic development. The urban 
growth orientation is toward northward is based on the geological and geomorphological 
configurations of Yangon.  

While this remains true today, new development has begun to appear across the 
rivers toward the southeast in Thanlyin, to the west in Hlaing Thar Yar and Shwepyitha, 
towards the east in Dagon MyoThit. Additional developments are following up.  

Yangon city founded by Burmese king Alaungpaya named Dagon in the 11th 
century. In 1852, Dagon (6.2Km2) became Rangoon, the capital city of Burma by the 
British Governor and city area were 26Km2 by 1876. After an independent year (1948),  
Rangoon (today called Yangon) City stated the urban area 121.70Km2 with a 0.740 million 

population. From 1959-60 City started the expansion with new towns, namely North 

Okkalapa, South Okklapa, and Thaketa, and city area became 164.21Km2 with 0.940 

Million population. In 1983, the city area expensed up to 347.13Km2 with a 2.513Milliom 

community after Thuwana Township was constructed. After 1988, under Military 

Government created six new townships (North, South, and East Dagon and Dagon 

Seikkan in East and HlaingThayar and ShwePyiTha in West of central Yangon. In 1993, 

the area of land use for urbanization became 579.80Km2, with 3.10 million population. 

After (10) years, the Greater Yangon was 794.0 Km2, and the inhabitant registered 5.14 

Million by 2014 census. Population growth and land expansion for urbanization by years 

are shown in figure (2). 

 

The urbanization speed was breakneck after 1988 until 2014 if compared to the 

development before 1980. Reference the land-use records, vast agricultural lands, and 

open spaces that considered as recharge areas shifted to under developing areas from 

years 2002 to 2013. Therefore, farming areas and public spaces are entirely to be subject 

to change into the built-up area.  

Fig. (2) Population growth and land area development 
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Finally, the land area of Greater Yangon is sized with six main rivers or creeks 

which affect the trend of urbanization, namely the Yangon River, the Twante Canal,Pan 

Hlaing River, Hlaing River, Nga Moeyeik Creek, and Bago River. 

 

Yangon is the commercial hub of 

Myanmar and its magnetism 

intensification as the central government 

economic committee reform the massive 

public work with populations. 

Progressive Urban extension of greater 

Yangon is showing in the figure (Fig, 3). 

 

 

 

 

 

 
 

Geography, Geology, and Climatology 

Yangon City situated on a low ridge, which is a long spur running out from the 
southern part of Bago Range, surrounded by the delta alluviums of sedimentary Deposit. 
This Yangon ridge slopes gradually into flat plains towards east and west. The original 
settlement located on the hill and the extended town built on alluvial soil; however, sub-
sequent expansions were taken place on both the ridge and the delta land. The 
topography of the City varies from a low-level hill in the central and outer areas to a flat 
plane in the peripheral parts. The average height of the low ridge is about 30 m, and that 
of the flat plain, especially in the southern part of Yangon, is between 3m to 6m above 
the mean sea level. 

The geological structure of the central Yangon Region is Miocene consolidated 
sediments overlain by the Quaternary sands, silts, and clay, and that of the outskirt of 
Yangon City is widely distributed with the Quaternary deposits, consisting of thick, various 
type of soil underlain by sand and silt. 

Yangon Region locates in the tropical monsoon climate region, and it has three 
seasons, summer (March to May), rainy season (June to October), and cold season 
(November to February). In Yangon Region, there are three meteorological stations, 

Fig. (3). The Map of urban extension of Yangon City 
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namely, Kaba-Aye, Mingalardon, Hmawbi, which are managed by the Department of 
Meteorology and Hydrology (DMH). The climatic parameters based on Long-term monthly 
records can represent the climate of the Yangon Region. The general climate graphic 
presentation is shown in the figure below.  

 
 

 

 

 

 

 

 

 

 

 

Study Literature and review: 

The prospects of practicing conjunctive use of surface and Groundwater will be 

better than single water resources. The hydrologic cycle provided the various hydrological 

components that are estimating on a seasonal basis for monsoon, pre-monsoon, and 

post-monsoon seasons. 

However, the quantity and quality of Groundwater are changing due to human 

activity (Gehrels et al., 2001), jeopardize the suitability of the groundwater system as a 

source of drinking water and affecting natural reserves. Assessment of the impact on the 

groundwater system and predicting the magnitude of changes in the future are, therefore, 

a major scientific challenge (Tang, 2005). Land-use and land-cover changes are the 

leading human-induced activities that are altering the groundwater storage form (Calder, 

1993). Nevertheless, the impact of future land-use on the groundwater system has not 

investigated extensively. Throughout the entire history of humanity, intense human 

utilization of land resources has resulted in significant changes in the land-use and land-

cover (Bronstert, 2004). 

Fig. (4) Rainfall and temperature (Source: Department of Meteorology and Hydrology, Yangon) 
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The impact of land use and land cover shows the changes in the regional water 

balance. Researchers are experimenting with the effects of Landuse vs. Groundwater. 

A lot of research indicates that large-scale land use and land cover changes are the 

important factors resulting in the regional climate and hydrological cycle changes (Hutjes 

et al., 1998; Zhang L et al., 2001[a]).  

Deepak Khare, Professor, and Head, Dept of WRD&M, IIT Roorkee, India 
research Burke, et al. 1988 and Walesh 1989 made statement is below: 

 
The increase in runoff as a result of land‐use change used as a measure of the 

loss of recharge (Fig.4).  It is important to note that this is a maximum estimate of the  
recharge loss, assuming no change in evapotranspiration. In practice, if most of the 
vegetation cover has removed, evapotranspiration should decrease, and thus part of the 
increase in runoff will be due to reduced evapotranspiration rather than recharge loss.  
These results are impressive for two reasons.  

Firstly, with complete development to commercial use (almost entirely impervious 
surfaces), one would expect groundwater recharge to be cut off mostly. The Recharge 
Loose should equal the natural recharge rate. Thus, the fact that the method described 
here predicts a recharge loss that is very close to the natural recharge rate is a 
convincing indication that the technique produces realistic results. 

Secondly, the results provide strong support for the argument that land‐use 
change can have very significant consequences for groundwater recharge, and thus 
for long‐term water supply for communities.  
 
 
 
 
 
 
 
 
 

The area under each curve in the figure represents the total volume of runoff, and 
urbanization typically produces increased peak discharges and runoff volumes. Detention 
basins reduce local flooding by reducing peak flow rates but do not reduce the total 
volume of runoff. Land-use change is a significant factor influencing catchment hydrology 
and groundwater resources. 

 
Groundwater Supply and Review:  

Groundwater is essential for residents living in new settle townships in Greater 

Yangon. Yangon City Development Committee (YCDC) supply the water to the resident 

Fig. (4) Model of Impact of urbanization on stormwater runoff and volume (Source: ? 
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from reservoirs is not enough for the public in the 33 municipalities. So, people from new 

settle towns rely on Groundwater. Furthermore, industries are using Groundwater entirely 

for their production. The demand for water is increasing year to year with population 

growth and urban developments. Water is an essential requirement for drinking and food 

production for urban people. Depending on the YCDC, water supply is about 50%-60% 

of the population. Urban development planners, engineers, and admirative people should 

consider the two or more alternative water supply sources for the continuous development 

of economy and city development for the future. 

 Yangon city started to use groundwater from1893 with 17 tube wells in the area of 

28.50Km2 has grown with an increasing population. In 1963, the discharge area was 

164.48Km2, with the ratio 1:15 of recharge and discharge. In 1973, expansion of 

discharge areas covered the land-use of urbanization was 222.76Km2, with the discharge 

volume 27.50Mm3. The graph of recharge vs. discharge shows below.  

Here in this paper, the author figures the recharge area of the Greater Yangon as 

a fixed index that is 75% of the land use for urbanization for Greater Yangon. The Greater 

Yangon area was 794.50 Km2 in 2014. The ratio of the recharge and discharge are 

changed 1:7 in 1973, 1:2 in 1983, 1:1.5 in 1993, 1:1.14 in 2003, and 1:1.2 in 2014. Here, 

the author assumes 595.88Km2 as the recharge area. The recharge vs. discharge of 

Groundwater in Greater Yangon is shown in the graph below. After 1988, the use of 

Groundwater was massive. The total population became more than four million. All the 

new settle towns are entirely relying on Groundwater. Water well drilling is outlaw after 

1988. 

 

 

One of the critical problems is the urban planner, and decision-makers do not 
consider Groundwater in the project of land use for urbanization.  
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The land use for urbanization for Greater Yangon expanded since 1973. The land 
area extending is towards North, Northwest, West, and East center to Arzanigon ridge 
and reference to topography, geomorphology, and geology. 

The land cover is stormwater affected by human-induced activities rather than 
natural events. Today, in the Greater Yangon area, open lands in the northern part, 
western and Eastern parts are deforestation, some construction works, and urbanization 
causes land cover changes. Consequently, such changes may have high impacts on the 
catchment by varying hydrological processes such as infiltration, groundwater recharge, 
and base flow and runoff. 

The land use for urbanization is facing a harmful impact on Groundwater, such as 
water level and water quality deterioration due to high pumping without knowing storage 
capacity. City Development Committee should consider the safe yield to allow to 
discharge by the public. The table of Discharge of Groundwater for safe yield is shown 
below: 

 
 
 
 
 
 
Finally, saltwater intrudes into the water wells occur in the area closed to the rivers 

high effected tide and low tide. Nowadays, downtown area 6 townships are prohibited not 
to drill water wells.  

Author study the recharge and discharge of Groundwater such as estimated 

storage volumes and areas. 

 

 

 

 

 

 

 

 

 

 

Discharge of Groundwater for safe Yield 

The extraction rate of Groundwater Category 

                    › 70% Safe 

            ›70% and ≤90% Semi-Critical 

            › 90% and ≤100% Critical 

            › 100% Over Exploited 
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Groundwater is under the ground and can discharge by digging or drilling into the 

earth where Groundwater is invisible. The water store as Groundwater when rainwater 

seeps into the ground. The fundamental norm is called recharge.  

Within Yangon City, the highest per capita use is estimated at 60 gallons per day, 

and the lowest is 17 gallons per day according to meter consumption and living standard. 

The average per capita consumption for the City as a whole considered to be between 

30 (133 lpcd) and 40 gallons per day (180 lpcd) (Khin Kay Khaing, 2006). The seasonal 

variation of per capita water use in Yangon City is imperceptible. 

The water supply by YCDC to the public in Greater Yangon is critical to 33 

townships. The insufficiency of water supply through inadequate infrastructure is one 

reason for groundwater utilization in Yangon City. The 50-06 percent of the population is 

the heavy reliance on Groundwater, but the trends of Groundwater both recharge and 

discharge are decline without proper management.  

Conclusion 

Groundwater is a picture without a frame is like paper. No value because of zero 
groundwater management and outlaw in Myanmar. It should not be because 
groundwater supply is the secondary source in Yangon urban areas. 

 
YCDC have to make long-term plan such as 30 to 50 years related to current 

water supply activities. The essential key factor is climate change.  The future urban 
area of Greater Yangon consists of a total of 39 townships. Now, the 33 townships are 
under YCDC’s jurisdiction. The total Planning Area is approximately 1,500 km2. Water 
consumption will be a crucial consideration, and so it is essential to groundwater eserve 
as a second water resource if the primary water supply is surface water to plan. 

 
YCDC, the plan “Vision of Yangon urbanization is “Yangon 2040, The Peaceful 

and Beloved Yangon, A City of Green and Gold,”. At the time, water resources are more 
valuable to get potable water for domestic use and clean and safe water to drink. The 
impact of urbanization on Groundwater has a major concern over the past 30 years. 
Groundwater Law and legislation are not yet launching. 

 
In the present study, the impact of land-use change on Groundwater has to happen 

since 1990. Yangon urban areas already experience high water‐stress. Specific land use 
and land cover make increment of the impervious area due to urbanization results in 
decreased infiltration, and finally affecting the groundwater storage. 

 
Currently, the public relies on surface water is about 60%, and Groundwater is 

40%. The surface water sources and the reservoirs of YCWSS will operate well until 2040. 
Still, the groundwater source of YCDC tube wells will be exhaustible at the end of 2040 
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that YCDC predicts. Still, the use of Groundwater by public sectors is unpredictable 
because of zero management of Groundwater for the Yangon water supply. 

Greater Yangon has abundant water resources that people believe, and rainwater 
is also available, but the climate is changing. City Authority has to consider climate 
change as a factor for the water supply. 
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