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ABSTRACT 

Water is an essential nutrient for life on the Earth, which is found in Oceans, 
Rivers, and Lakes. Lakes played a vital role to maintain the ecosystem and 
developed the socio-economic balance. Climate change is responsible for flooding 
and drought on the Earth's surface, and directly affects wetlands, depend upon 
the nature of the topography. Owing to the raising of world temperature, glaciers 
are melting, and sea-Levels are continually rising. On the contrary, a lot of regions 
are facing drought due to a shortage of River water and precipitation. Fertile 
lands are converting into deserts, which causes socio-economic deprivation. Lake 
Manchar is one of the largest lakes of South Asia, located in Sindh Province. The 
Lake is fighting for its survival, the Lake being degraded by the 1990s owing to the 
construction of the Right Bank Outfall Drain (R.B.O.D.  The Aral Lake was the 4th 
Largest Lake in the world till the 1960s, which was a direct or indirect source of 
income for a million people. From 1960 to 2014 local fishermen migrated to 
another place for their live hood, a white desert has appeared at the place of the 
lake. GIS and RS are important tools to monitoring and calculate the Water, 
Vegetation, Barren Land Desert, and Wetland covered area by using of 
Normalized Difference Vegetation Index (NDVI) model. The results exposed that 
23.8% of the water-covered area of Aral Lake has been shirked in the last 34 
years, and 6.73% of water covered area has been reduced in the last 30 years. 
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NTRODUCTION 

Aral Lake 
The Aral Sea/Lake was the 4th largest Lake in the world, situated in Central 
Asia. Geographically its located between 45°N 60°E / 45°N 60°E and 45°N 
60°E / 45°N 60°E, it is extended over the area of two countries’ Kazakhstan 
and Uzbekistan. It covers 68000 km2 (Glantz M.H 1999). The Aral is a 
landlocked Sea/lake which has no ocean surrounds it. The main Source of 
water of the Lake is two Rivers (the Syr Darya and the Amu Darya) 
(Ekaterina P.2009) the lake starts to shirk in the 1960s by a Soviet 
Irrigation Project (SIP), by this project the water of both rivers (the Syr 
Darya and the Amu Darya) diverted for an irrigation purpose. The irrigation 
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system of Central Asia fully depends upon the Syr River and Amu River 
(Rakhmatullaev et al., 2009). An area of the Aral Sea Basin was comprised 
of the mentioned Rivers. The Syr River is 3100 kilometers long and the 
Amu River is 2700 kilometers long, the fed area of both rivers is snow-
covered high mountains of Kyrgyzstan and Tajikistan-with precipitation of 
800-1600mm, resulting in permanent snowfields at top of the mountains 
(Murray-Rust et al., 2003). The catchment area of Syr River is 3100 sq. 
Kilometers and Amu Rivers have 3000 sq. kilometers, as shown in (Fig:1) 
The catchment area of both rivers is known as Aral Sea Basin. In the 1960s 
the Soviet Union starts its Irrigation Project and diverted the water of both 
rivers in a newly constructed canal (Karakurm Canal) to irrigate the desert 
of Turkmenistan (Zonn I.S. (2012). After that the desert of Turkmenistan 
appeared as the top of the world irrigated basin, consequently, the lake 
started to reduce its size, and right now converting into deserted at 
present the lake has been changed into a  
desert (Conrad, C. Schonbrodt S, 2016) 
 

.
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Fig 1.Geogarphical Location of Aral Lake and Aral Basin, Kazakhstan 

Source: Author 2020 

Manchar Lake: 
In Sindh Province, there are more than 100 natural lakes of different sizes 
covering an area of about 100,000 ha. Among them, Halijee, Kinjhar, 
Hamal, Drigh, and Manchar lakes are quite important for fishing purposes, 
and Manchar alone supports 2000 fishing families. The Manchar Lake is 
the largest freshwater lake in Pakistan and one of the largest Lake in Asia 
(FAO, 2003), it’s situated at the foothills of Khirthar Mountain Range at 
Right Bank of the River Indus and 18 kilometers away from the Sehwan city 
in Sindh Province, Pakistan (Mahar M.A, al, at 2000).  
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Fig: 2: Geographical Location of Lake Manchar, Pakistan  
Source: Siyal.A.A.2016 
 
The lake extends over 250 square kilometers in normal days and is more 
extended in Monsoon Season over the 500 square kilometers; its depth is 
varied 2.6 meters to 3.8 meters (Anadolu 2020). The main source of water 
of the Manchar is Nai Gaj which comes from the uplands of Khirthar 
Mountain. In the early 1990s, Federal Government started a project to 
drain out the effluent water of Balochistan and Sindh into the Arabia Sea 
through R.B.O.D, this water is just wasted water of agriculture drainage 
(pesticide), and municipals of two provinces. The discharge design of RBOD 
is 4500 cusecs of effluent water (Mahessar al at, 2019). 
Nai Gaj is a main source of freshwater for Manchar Lake, which fully 
depends upon the rainwater of Balochistan Plateaus and Khirthar 
Mountain, so the water flow of the Nai Gaj is uneven, plenty of water 
found in the Monsoon Season and drought in the winter season. The 
effluent water of RBOD falls through the MNVD in Manchar Lake, so the 
MNVD drains out 0.525 Million Acre Foot (M.A.F) water in the Lake, and 
the water of Nai Gaj is 0.188 MAF which is 0.337 MAF less than MNVD 
flow. The water quality of MNVD is highly toxic and contaminated, this is 
the main reason for the degradation of Manchar Lake. The rapid increase 
in salinization at both lakes, not a positive indication. A white crust has 
appeared at the surface area of Aral Lake, which is the main indication of 
salts accumulation at the surface. Consequently, deposits of salts from the 
soil profile have appeared replacing the grasses/weeds (Mahmoud A.E.l-
Kawy, et al 2015). The scenario of Manchar Lake is different from the Aral, 
the history of Mancher tells us that Manchar has been dried two times in 
the past, but this time situation is worst owing to the inlet of polluted 
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water of MNVD. The Manchar was the second home of Siberian Birds in 
the Winter Season and it was the source of income (direct or indirect) for 
more than 20,000 fishermen. At present only 4,000 to 5,000 people are 
settled on banks of the lake, compared to 20,000 back in the 1980s when 
the “water was sweet” (PBoS 1988) due to contaminated water of RBOD 
the fishing is just a dream.  
Soil salinization is a fast process of desertification as it accompanied the 
sharp decline in groundwater level and drying of subsoil. The water budget 
of any area is determined by a few constituents: River water, net 
evaporation (the difference between the evaporation of precipitation), 
Precipitation (Micklin, P. 2007). Here, the water of Nai Gaj is just like river 
water, but the volume of water is not enough to maintain the restoration 
of the Lake, but since the 1990s polluted water of MNVD is increasing day 
by day.  
On the contrary, the water of both river Syr Darya and the Amu Darya has 
been stopped since the 1960s and the rate of precipitation is not enough 
to cover this shortage of water to restore the Aral Lake. So that the 
balance gap between rates of evaporation, river water flow, and 
precipitation is not in favour of Aral and Manchar Lake. The Aral Sea has 
physically disappeared into the thin, dry, desert. Between 1973 and 1989 
just 16 years the Aral Sea lost a volume of water equivalent to one and a 
half times that of Lake Eire. In 1987, it split into two parts/lakes. On other 
hand, Manchar Lake is fighting for its survival since 1990, now it is almost 
filled with polluted Water of RBOD (Micklin, P. 2016). 
 

 
 
Fig.3: Hydrological flow of Amu river, Syr river and precipitation in the Lake 
Aral (1957 to 2019) 
Source: Behzod G,al et 2012, 2019 

1 9 5 71 9 6 01 9 7 31 9 8 21 9 8 41 9 8 71 9 8 91 9 9 21 9 9 62 0 0 12 0 0 42 0 0 72 0 0 92 0 1 12 0 1 32 0 1 52 0 1 72 0 1 9

CU
SE

C

YEAR

Amu Darya
Syr Darya
Precipitation p/km3



Spatio-Temporal Change Assessment of Lake Manchar Pakistan 
and Lake Aral Kazakhstan using Normalized Difference Vegetation 

Index 
 

69 
 

 
  

 
 
Fig 4: Hydrological Flow of Manchar 
Source: (Sindh Irrigation Department, 2017. Wapda, 2018. PMD, 2017. 
Mahessar al at, 2019) 
 
METHODOLOGY  
This is Spatio-Temporal Study (STS) and the difference has been evaluated 
with the help of satellite data, research is based on satellite images of 
different periods (Aral Lake from 1985) and (Manchar Lake from the 
1990s) with the help of Google Earth Pro, Google Earth Engine (Google 
time-lapse) of different years. The digital data were processed using 
different software. A few software such as GIS 10.3, ERDAS Imagine 
version 9.4, Microsoft office 2013 (Word, Excel) were used during the 
research (Jain, K.P. and Garg, R., 1991). Apart from this Garmin e Trex H 
(GPS) A digital camera was also used. Two different research areas in 
different parts of the world are selected to compare both research areas. 
The main purpose of this method was to monitor the STS changes in the 
study area by using NDIV model and calculate the Water, Vegetation, 
Barren land, Wetland, and Deseret to prepare the latest maps with the 
help of the latest technology (Elbeih, 2015). For the collection required to 
achieve the objectives, Landsat is an ideal satellite to provide the required 
data. For temporal changes on the surface of the Aral, and Manchar Lake 
different images were downloaded from Landsat TM from 1986 to 2020. 
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RESULTS AND DISCUSSION  
Assessment of Spatial-Temporal Changes (STC) of both research areas is 
economically important (Anji 2002). Mapping and calculation of Water, 
topography, vegetation, wetland, barren land, desert, and settlement are 
very important parameters, possible with help of Geographic Information 
System (GIS) and Remote Sensing (RS). (Choudhury, 1999, Chandio, N.H.et 
al, 2019). The Satellite images of Aral and Manchar Lake were digitalized, 
Water, Vegetation, Wetland, Barren Land and Desert areas of both the 
lakes have been calculated (figure 5, 6). Water and Desert are both such 
types of parameters, which does not find both together, if the water will 
increase, automatically desertification may reduce. But the water-covered 
area may reduce, the desertification may be increased. Here, 23.8% of the 
water-covered area of Aral Lake is shirked from 1986 to March 2020, on 
the contrary, desertification has been increased at large, and it is 
interesting that 312% desertification is increased as shown in figure 5, this 
is an alarming situation. 
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Fig: 5: Shrinking of Aral Lake (1986 to 2020) 

Source: Author 2020 
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Similarly, the ratio of Barren Land, Wetland, and Vegetation is also reduced 
at a different level. So that at present; the Aral Sea is not a sea but just a 
mound of white sand, and barren land. Aral, Lake Manchar is also facing an 
identical type of situation, Once Manchar Lake was a huge platform for 
fishing.  Annual fish catch from the lake has dropped dramatically from 
2,300 metric tons in 1944, to 700 metric tons in the 1980s (PFFF, 2018). 
 

 

 
Fig: 6: Shrinking of Manchar Lake (1990 to 2020)        
Source: Author 2020 
 

 
Fig: 7: Shirking of Manchar Lake (1990- 2020)            
Source: Author 2020 
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Generally, 80% of species of fishes are only for freshwater, so that 
different fish species were found at Lake in abundance (Mahessar al at, 
2019). Now only 20% of fish species are available in the Lake, that 20% of 
species are not enough to earn for local fishermen.  
 

 
Fig: 8: Shirking of Aral Lake (%)                                     
 

 
Fig: 9: Comparison of Manchar Lake with Aral Lake (+ -) 
Source: Author 2020 
                         
From 1990 to 2020, 6.73% water, 1.79% vegetation, 18.68% wetland, 
4.77% desert area has been reduced, but 38.1% of Barren land area has 
been increased, so this is alarming that the fertile soil of the Manchar is 
converting into barren land/soil salinity. The lake is facing two types of 
problems, low precipitation or low hydrological flow of water and polluted 
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water of R.B.O.D and MNV Drain which is highly contaminated by 
agriculture and drainage effluent of Sindh and Balochistan.  
 
CONCLUSION AND SUGGESTION 
Aral Lake: Main reason for the shirking of the Lake is the diverted water of 
the Syr Darya and the Amu Darya, it is suggested that 08 MAF water from 
the Syr Darya and 08 MAF water of Amu River should be release for the 
survival of Aral Lake. A huge level Tree Plantation Project (TPP) should be 
launch to stop the desertification. Mangrove plants should be plants in the 
Delta region of both rivers near the coastal area of the Lake. 
                               
Manchar Lake: The Lake is facing a shortage of water from Nai Gaj, but the 
Nai depends on Rainfall that comes from the uplands of Khirthar 
Mountain. So, in the light of this research, we must suggest that River 
Water from Dadu Canal may cause the revival of the Lake. Dadu canal is 
only 01 km away from the Lake and 15 ft above the lake bottom. The 
second issue of the lake is the polluted water of the MNV Drain. In the light 
of the processing of satellite images, the MNV drain can be diverted at the 
western side of the lake, which is a natural depression between Lake 
Manchar and the slope of Khirthar Mountain.  
 
REFERENCES 

Anadolu 2020.The tribue, Pakistan: Massive rains give fresh lease on life to 
Lake Manchar.p.04 

Angi R. M. 2002. Remote Sensing and Geographical Information System, BS 
Publication, Hyderabad. 

Behzod Gaybullaev • Su-Chin Chen •Dilmurod Gaybullaev, 2012. Changes 
in water volume of the Aral Sea after 1960, Appl Water Sci (2012) 2:285–
291. 

Chandio, N.H, Sahito H.A, H.A. and Chandio N. 2019. Conservation of 
Groundwater Resources in Arid Lands: A comparative study of Nai Gaj 
Pakistan and Wadi Dhahban Saudi Arabia, Sindh Univ. Res. Jour. (Sci. Ser.) 
Vol. 51 (03) 513-518. 

Conrad,C. Schonbrodt S, 2016. Remote Sensing and GIS for Supporting the 
Agricultural Use of Land and Water Resources in the Aral Sea Basin, 
conference paper, Almaty. 

Chandio, N.H., Mallah Q,H. Anwar, M. M. 2017.  “Evaluation of Soil Salinity 
and its Impacts on Agriculture: Nexus of RBOD-III, Pakistan”, Sindh Univ. 
Res. Jour. (Sci. Ser.) Vol.49 (3) 525-528. 



Spatio-Temporal Change Assessment of Lake Manchar Pakistan 
and Lake Aral Kazakhstan using Normalized Difference Vegetation 

Index 
 

75 
 

Elbeih, S.F, 2015. “An overview of integrated remote sensing and GIS for 
groundwater mapping in Egypt”, Ain Shams Engineering Journal, 6(1), 1-15. 

Ekaterina P.2009. River of Empire: Geopolitics, Irrigation, and the Amu 
Darya in the Late XIXth Century p. 255-287. 

FAO, 2003. Information on fisheries management in the Islamic republic of 
Pakistan, p.09. 

Glantz MH, 1999. Creeping environmental problems and sustainable 
development in the Aral Sea Basin. Camb Univ Press, Cambridge, p 304. 

Jain, K.P. and Garg, R, 1991: "The fossil floras of Kachchh. IV - Tertiary 
palynostratigraphy" by Ranajit K. Kar (1985): a critique on dinoflagellate 
cysts. The Palaeobotanist, v.39, no.1, p.57-85, pl.1-4. 

Mahessar. A.A, Ansari,K, Arain, G.M, Kori, S.M, Qureshi, S, Qureshi, A.L. 
2019. Impact of Right Bank Outfall Drain-I (RBOD-I) / Main Nara Valley 
Drain (MNVD) on Manchar Lake, Sindh, Pakistan, Engineering, Technology 
& Applied Science Research Vol. 9, No. 6,5074-5079. 

Mahmoud Abd El-Kawy Zahran1, Yasser Ahmed El-Amier1, Abdelhamid 
Ahmed Elnaggar, Hoda Abd El-Azim Mohamed, Muhammad Abd El-Hady 
El-Alfy. 2015. Assessment and Distribution of Heavy Metals Pollutants in 
Manzala Lake, Egypt. Journal of Geoscience and Environment Protection, 
2015, 3, 107-122. 

Mahar M.A, S.I.H. Jafri, S.M. Laghari and M.Y. Khuhawar, 2000. Studies on 
Water Chemistry and Fish Production of Manchar Lake, Dadu, Sindh 
(Pakistan). Pakistan Journal of Biological Sciences, 3: 2151-2153. 

Micklin, Philip, 2007. “The Aral Sea Disaster,” Raymond Jeanloz et al. (eds.), 
Annual Review of Earth and Planetary Sciences, Vol. 35, 2007, pp. 47-72, 
Palo Alto, California.  

Micklin, P. 2016. The Future Aral Sea: hope and despair. Environmental 
Earth Science, 75 (9): 1-15. 

Murray-Rust, H., Abdullaev, I., Hassan, M. & Horinkova, V. 2003. Water 
productivity in the Syr Darya river basin. 

Rakhmatullaev, S., Huneau, F., Kazbekov, J., Le Coustumer, P., Jumanov, J., 
El Oifi, B., Motelica-Heino, M. & Hrkal, Z.2009. Groundwater resources use 
and management in the 

Amu Darya River Basin (Central Asia). Environmental Geology Article in 
Press (2009) 33 Sindh Irrigation Department, 2017. Government of Sindh, 
https://irrigation.sindh.gov.pk/ 



Chandio et al., 2021. Pakistan Geographical Review, Vol.76 (1), 64-76. 

76 
 

PFFF, 2018. Pakistan Fisher Folk Forum, http://pff.org.pk/ 

PBOS, 1988. Pakistan Bureau of Statists, census 1998.  
http://www.pbs.gov.pk/content/population-census 

PMD, 2017. Pakistan Metrological Department, Government of Sindh, 
http://www.pmd.gov.pk/en/ 

WAPDA, 2018. Water and power Development Authority, Government of 
Pakistan, http://www.wapda.gov.pk/ 

Zonn I.S. 2012. Karakum Canal: Artificial River in a Desert. In: Zonn I., 
Kostianoy A. (eds) The Turkmen Lake Altyn Asyr and Water Resources in 
Turkmenistan. The Handbook of Environmental Chemistry, vol 28. 
Springer, Berlin, Heidelberg. https://doi.org/10.1007/698_2012_194. 


