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Abstract:This research work has been carried out to assess the e-flow of the Padma, Jamuna, 

Teesta and Atrai. The first objective of this study is to identify the methodology among the 

established environment flow measurement techniques for these rivers in order to assess the 

flow-demand for fisheries, navigation as well as conspicuously maintenance of Sundarbans 

ecosystem. However, The main objective of this study is to observe the environmental flow 

assessment in a balanced and systematic way by the hydrological method to documentation 

on the subject, to examine its physical and numerical concepts and to trace the most recent 

trends in environmental flow assessment related research including the emerging 

interactions of hydrological methods with flow of water and other related fields. In this study, 

these observations have been accomplished mainly based on the Hydrological Method 

consisting of four distinct approaches. Moreover, the Flow Duration Curve analysis has also 

been adopted in order to get better understanding about the E- flow of the subjective rivers in 

the north-west zone of Bangladesh. Based on the study, the overall analysis reveals that the 

Padma river demands1083 m
3
/s of mean annual flow during January, February and March 

and 21676 m
3
/s of mean annual flow demands during August and September in Bangladesh. 

In addition, the Jamuna river demands 8577 m
3
/s of mean annual flow during February and 

March and 42885 m
3
/s of mean annual flow during July in Bangladesh, while demanding 

value of mean annual flow of Teesta river is 322 m
3
/s during January to April and 1614 m

3
/s 

of mean annual flow during July. Furthermore, Atrai River demands only 60 m
3
/s of mean 

annual flow during February and 301 m
3
/s of mean annual flow during June to September so 

far. However, the existing flow pattern of Padma or Ganges River proves that it has less than 

10% of average flow during dry period (March and April), whereas the flow is more than the 
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flushing flow (200% of average flow) during August and September. So, these rivers are in 

extreme condition: too much low flow in dry period and too much high flow in wet period. It 

is also observed that even though the flow demand for fisheries in Padma and Jamuna rivers 

is so called satisfactory, the mean flow is too much below the required flow in both Teesta 

and Atrairiver, and consequently the sustainability of Sundarban has become a foregone 

concern as well. 

Keywords: Environmental Flow Assessment; Ecosystem; Hydrological Method; Surface 

Water Diversions and Flushing Flow.

1. INTRODUCTION 

Worldwide concern over the environmental impacts of freshwater use for economic purposes 

has led to the recognition that there is a need to allocate water for the river itself to preserve 

its ecology and associated functions. The percentage of the original river flow regime that 

needs to flow all the way to the outlet into the sea in order to maintain specified valued 

features of the river ecosystem is generally referred to as the Environmental Flow 

Requirement (EFR).

E-flow is the amount of water needed in a watercourse to maintain healthy ecosystems. The 

term is used in the context of rivers which have been dammed, with most or all of the flow 

trapped by the dam — the failure to provide an e-flow can have serious ecological 

consequences. According to the Global Environmental Flows Network (GEFM), 

environmental flow refers to water provided within a river, wetland or coastal zone to 

maintain ecosystems and the benefits they provide to people. (World Water Assessment 

Programme, 2006).

Increasing concerns over environmental sustainability and maintaining ecosystem integrity in 

rivers persuade the water managers to recognize the need of allowing certain amount of flow 

with an acceptable level of quality in the rivers which is often regarded as environmental 

flow (EF). Such flow is now recommended for all the regulated rivers to maintain the river 

health at least to a specified level. Through mimicking the natural flow regime, 

Environmental Flow ensures provisions of ecosystem goods and services that rivers provide 

on which humanity rely in myriad ways.

Owing to its geographic location, rivers in Bangladesh have very high flow in monsoon and 

low flow in dry season. Historically, water resources and the rivers in Bangladesh have been 

managed from a supply perspective, particularly putting emphasis on flood management and 

irrigation development. In contrary, less attention was paid on low flow and environmental 

flow management. However, with increasing awareness and approbation for maintaining 

environmental sustainability, focus in water management is being turned into a year round 

water management. (World Water Assessment Programme, 2006). 
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Rivers are parts of integrated systems. Collectively these systems provide a large suite of 

benefits. However, the world's rivers are increasingly being altered through the construction 

of dams, diversions, and levees. More than half of the world's large rivers are dammed that 

continues to increase. Almost 1,000 dams are planned or under construction in South 

America and 50 new dams are planned on China's Yangtze River alone. Environmental flows 

seek to maintain these river functions while at the same time providing for traditional 

benefits. (World Water Assessment Programme, 2006)

The river environment means not just the river channel, but it includes the connected flood 

plains and wetlands. Thus a comprehensive term e-flow is often used to account for all 

components of the river including natural flow variability, social and economic issues and 

ecological values. In addition to the protection of a river, flows are needed to protect basic 

human needs and rights of downstream users, navigation, to prevent salinity intrusion and 

maintain channel diversity and flood carrying capacity. 

 

 

(a) (b) 

Figure 1: (a)The Station Locations of the northwest zone main rivers

(http://en.wikipedia.org/wiki/Teesta_River)  (b)The main rivers of Bangladesh 

(http://www.mapsofworld.com) 

2. Objectives: 

The purpose of this research is to look at the environmental flow assessment in a balanced 

and systematic way by the hydrological method to documentation on the subject, to examine 

its physical and numerical concepts and to trace the most recent trends in environmental flow 

http://en.wikipedia.org/wiki/Levee
http://en.wikipedia.org/wiki/Teesta_River
http://www.mapsofworld.com/
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assessment related research including the emerging interactions of hydrological methods with 

flow of water and other related fields.

 To analyze the environmental flow by hydrological method.
 

 To assess the requirement of flow of Golda fish, Hilsha fish, Carp fish, Gangetic 

Dolphin, for sustainability of Sundarban etc. with the Padma, Jamuna, Teesta and 

Atrai riverswhich are found from the researchers’ analysis. 
 

3. Methodology and Data Collection

There are three primary scenarios when environmental flow information is required. The first 

is when a water resources scheme is developed. This normally requires feasibility study to 

determine whether the objectives of the proposal can be achieved. For schemes with a large 

capital investment, this is followed by much more detailed design work, including estimates 

of the frequency of flows. The second is during the operational phase of a water resources 

scheme once it is constructed, and includes decisions on how to manage the scheme on a day-

to-day basis. For example, it may be necessary to determine how much water can be diverted 

from a river for ecological purposes without in legal abstraction conditions. These may 

depend on the time of the year or on the river discharge at a downstream and upstream point. 

In many countries, such operational constraints are not formalized and the operator must be 

aware of, and sympathetic to, the needs of many downstream water users. For example, water 

could be needed by households, or for agriculture, electricity production, navigation, 

industrial abstractions, tourism, the dilution of industrial or domestic effluent, maintaining an 

ecosystem for food production, or maintaining the natural biodiversity of a river. The third 

scenario is when it is necessary to make operational decisions today based on estimates of 

future river flows which look days, weeks or sometimes months ahead. These forecasts can 

increase the efficiency of water use and are of economic importance in terms of reducing the 

operational costs of water resources schemes. More general warnings of below average 

precipitation several months in advance are of value for long-term planning and for making 

contingency plans for severe droughts. Historically, most 

applications of environmental flow information have been in the design and operation of 

schemes for a specific water sector, such as public water supply, irrigation, energy, 

navigation and industry. It is now recognized that there is a need to provide long-term 

baseline monitoring and analysis of periodical flows to support integrated river basin 

management. For example, by comparing current abstractions with assessment of flows for 

all tributaries in a catchment, rivers that can no longer support further abstraction can be 

identified. Similarly, rivers that have potential for further abstraction without damaging 
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downstream interests, including ecological demands, can be highlighted. Long-term baseline 

information can also be used to give early warning of any natural or artificial change in the 

flow regime.

3.1 Environmental Flow Assessment Methods 

There are numerous methods available for the assessment of e-flows. Most widely used 

methods are outlined in the following sections. The e-flow assessments (EFAs) are used as a 

method for estimating the quantity of water required. An EFA produces one or more 

descriptions of possible future flow regimes for a river each linked to an objective relating to 

the condition or the health of the riverine ecosystem. The environmental-flow requirement for 

a river is the minimum flow required to enhance or maintain aquatic and riparian life. More 

than 200 approaches have been used for determining e-flows in many different countries 

around the world. However, these approaches are broadly categorized into four major discrete 

methods which are widely used for assessment of environmental flow. These are:

a. Hydrological method.

b. Hydraulic rating method.

c. Habitat simulation method.

d. Holistic/ Integrated method.

Each method differs in its data requirements, procedures for selecting flow requirements, 

ecological assumptions and effects on river hydraulics. Here we discuss about the 

Hydrological Method. 

3.1.1 Hydrological Method

Traditionally, one of the most common uses of environmental flow assessment is 

Hydrological Method. Information on the frequency of flows is required to assess the 

probability of the abstraction not meeting the anticipated demand. The abstraction could be 

direct to a catchment variation or discharge taking stations. In terms of hydrological analysis, 

the issues are similar for abstraction and irrigation, although there is normally a much higher 

seasonal variability in agricultural demand, which is dependent on crop type and the local 

climate. A frequent objective is to estimate the area that can be irrigated for a given crop type 

with a given risk of failure. For all these applications there may be a need to assess flows in 

order to implement restrictions on water use to minimize the risk of very severe restrictions in 

the future. In some instances, to extract water in excess of the available supplies have been 

issued, and, thus, flow assessment is an essential management tool.

Hydrological methods are the simplest type of e-flow assessment and rely on the use of 

historical hydrological data for making flow recommendations. These data are usually in the 
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form of long-term, historical monthly or daily discharge records. These are used to determine 

e-flow requirements. Hydrological methods are the simplest and least data intense methods 

for estimating the e-flow. The most commonly used hydrological methods include: 

a) Tennant (or Montana) Method; 

b) Flow Duration Curve Analysis; 

c) Aquatic Base Flow Method; and 

d) Range of Variability Approach. 

These methods are discussed in below sections. There are some advantages of hydrological 

methodologies. It is relatively simple to use. It is an appropriate method to use for use at a 

catchment level for establishing low-resolution estimates of the quantity of water required. 

Relatively little site-specific data are needed. In many cases only historical flow records are 

required. It does not require costly fieldwork to be carried out, but sometimes it requires field 

work in order to set the various standards and parameters. Hydrological indices that are 

derived from such methods can be incorporated into as sub-components of holistic type 

methods. It is limited to be applied for high level scoping studies (Akter J., 2010). 

3.1.2.Tennant (or Montana) Method

The Tennant method also known as the historic methods which is very simplistic and has 

received appeal in regions of British Columbia as a quick and easy-to-understand method of 

determining habitat and recreational suitability of stream habitat. The method is based on the 

assumption that flows that are satisfactory for needs of fish and other aquatic biota will also 

be sufficient for maintaining recreational and aesthetic qualities (Akter J., 2010).

This approach is very appealing due to its simplicity and for this reason it has been applied in 

British Columbia. Many regional fisheries biologists have used it for obtaining rough 

estimates of suitability where the flow data are available. Where validated, it is appropriate 

for use at the overview and reconnaissance levels of management. However, we are not 

aware of projects in which it has been validated. Hence, the collection of observational or 

ideally experimental data similar to that compiled by Tennant (1975) from sites in warm and 

cold water streams of the US Midwest, great plains, and western mountain ranges are 

required for validation purposes before the method can be recommended for routine use in 

British Columbia. The method is further limited by the availability of annual flow records. In 

British Columbia, however, the province-wide network of flow monitoring sites managed by 

the Water Survey of Canada may provide adequate records for sites in close proximity to a 

gauged location (Akter J., 2010).

Table 1: Percentage of Mean Annual Flow based on the Tennant Method
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Habitat Quality  % of Mean annual flow 

Description  
Low Flow 

Season 

High Flow 

Season 

Flushing or 

Maximum  200 200 

Optimum  60-100 60-100 

Outstanding  40 40 

Excellent  20 20 

Good  30 30 

Fair  10 10 

Poor  10 10 

Severe degradation  <10 <10 

 

3.1.1.2 Flow Duration Curve Analysis

A flow duration curve illustrates the percentage of time, or probability, that flow in a stream 

will equal or exceed a particular value. Flow duration curve analysis is a method involving 

the frequency of historical flow data over a specified period. Typically, low flows (flow 

during prolonged dry spells) are exceeded a majority of the time, while high flows, such as 

those resulting in floods, are exceeded infrequently (Paris E., 1982).

A basic flow duration curve measures high flows to low flows along the X-axis (Figure 4.1). 

The X-axis represents the percentage of time (known as duration or frequency of occurrence) 

that a particular flow value is equaled or exceeded. The Y-axis represents the quantity of flow 

at a given time step, e.g., cubic feet per second (cfs), associated with the duration. Flow 

duration intervals are expressed as percentage of exceedance, with zero corresponding to the 

highest stream discharge in the record (i.e., flood conditions) and 100 to the lowest (i.e., 

drought conditions). For instance, a flow duration interval of 35% associated with a stream 

discharge of 11 cfs implies that 35% of all observed daily average stream discharge values 

equal or exceed 11 cfs. 
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Figure 2: Mean daily Flow (cfs) vs. Exceedance Probability (%) 

 

3.1.3. Aquatic Base Flow Method

This method is based on hydrological data. September Median Flow Method (Reiser et al., 

1989a), Texas Method (Reiser et al., 1989a), Annual Minima Method (Reiser et al., 1989a) 

and Basic Flow Method (Palau and Alcazar 1996) are the most practiced methods under the 

Aquatic Base Flow Method (ABFM). Tharme (1996, 1997, 2000) and Dunbar et al. (1998) 

reviewed these approaches. This method is based on the assumption that the median flow for 

the lowest flow month is adequate throughout the year for fisheries, unless additional flow is 

required to meet the needs. The Aquatic Base Flow Method is unlikely to be applicable for 

many watercourses, which are ephemeral, like many rivers in South Africa. Ephemeral rivers 

have no flow during dry flow (Akter J., 2010).

3.1.4 Range of Variability Approach

Another frequent hydrological Environmental Flow Assessment technique is the Range of 

Variability Approach(RVA)(Richter et al. 1997), which aims to protect a range of flows in a 

river. The 32 hydrological parameters, which jointly reflect different aspects of flow 

variability (magnitude, frequency, duration and timing of flows), are estimated from a natural 

daily flow time series. It is further suggested that in a modified (ecologically acceptable) flow 

regime, all 32 parameters should be maintained within the limits of their natural variability. 

For each parameter, a threshold of one standard deviation from the mean is suggested as a 

default arbitrary limit for setting Environmental Flow targets in the absence of other 

supporting ecological information (Akter J., 2010).

4. Data Analysis and Discussion

4.1 Data Analysis

This chapter is arranged for the analysis of Tennant Method, Flow Duration Curve Analysis 

and Aquatic Base Flow Method. In addition, it describes also the changes in these analyzed 

rivers with requirement of Golda, Hilsha and Carp fishes, Gangetic Dolphin, Ghorial and 

sustainability of Sundarbans by the percentage.

4.1.1 Tennant Method

4.1.1.1 Padma river (Station: Hardinge Bridge)

The average of flow data is specified to maintain the habitat in a particular state. The mean 

annual flow is found as 10,838 m3/s which was found at Post-Farakka condition from the 

analysis of Engr. JakiaAkter as 11,358 m3/s during the 1976-2005. It shows that Mean 
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Annual Flow has decreased after constructing Farakka Barrage and it is in decreasing 

condition when we take 2006-2011 monthly flow data. 

March is the driest month in these time series. November to May, seven months are 

considered as dry months; rest five months are considered as wet months. Mean monthly 

values are shown in Table 2 and Table 3 shows the percentage of flows in different condition 

according to Tennant. 

It is seen that flows in the month of March and April are much less that the poor condition 

(10% of Mean Annual Flow) of the river system. Flows of January, February are May are 

nearly poor condition. Flow in June maintains 30% of Mean Annual Flow. Therefore flows in 

January to May in Ganges River are highly vulnerable for its ecosystem according to 

Tennant. Flows in December are in good condition; which is greater than 40% of mean 

annual flow. July to October is the months when river flushes with more than its bearable 

flows, here is seen especially August and September.

Table 2: Mean monthly flow at Hardinge Bridge of Padma or Ganges River 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Percentage of Mean Annual Flow (MAF) 

Percentage of (MAF) Flow(m
3
/sec) 

200 % (Flushing Flow) 21676 

60 – 100 % (Optimum 

Range) 
6502-10839 

60% (Outstanding) 6502 

50% ( Excellent) 5419 

Months 

Average Monthly Flow 

(m
3
/sec) 

(During 2009-2018) 

January 1732 

February 1306 

March 988 

April 1005 

May 1263 

June 4021 

July 20192 

August 35409 

September 33845 

October 19518 

November 6251 

December 4520 
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40% (Good) 4335 

30% ( Fair or 

Degradation) 
3251 

10% (Poor) 1083 

 

So, according to above given tables, more than 40% of Mean Annual Flow (around 4300 

m
3
/s) should be available during the month of January to May. This method has severe 

limitations, and should be restricted to reconnaissance level planning (Mosley, 1983). 

Considering January, February and March as the critical months and August and September 

as flood peaks, Table 4 shows corresponding e-flow. Critical dry months can be considered to 

fall under severely degraded and later two months under flushing flow condition. Therefore, 

the e-flow requirement for January to March becomes 1083 m
3
/s and for August and 

September as 21676 m
3
/s. 

Table 4:  Environmental Flow demand based on Tennant Method 

Months E-Flow (m
3
/sec) Remarks 

January 
10% of 

Mean 

Annual Flow 

1083 Dry months 

(severely 

decreasing  

condition) 

February 1083 

March 1083 

August 200% of 

Mean 

Annual Flow 

21676 
Wet months 

(Flushing Flows) September 21676 

 

4.1.1.2 Jamuna river (Station: Bahadurabad Transit)

The mean annual flow is found as 21442 m
3
/s which is more than double of the mean 

annual flow of Padma river. February is the driest month of these time series. Generally 

November to May, seven months are considered as dry months; rest five months are 

considered as wet months. Mean monthly values are shown in Table 5 and Table 6 shows 

the percentage of flows in different condition according to Tennant.

Table 5: Mean monthly flow at Bahadurabad Transit of Jamuna River 

Months 

Average Monthly Flow 

(m
3
/sec) 

(During 2009-2018) 

January 11371 

February 6501 

March 7309 

April 10716 
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May 15652 

June 27849 

July 46117 

August 39560 

September 34397 

October 27038 

November 18596 

December 12201 

 

Table 6: Percentage of Mean Annual Flow (MAF) 

Percentage of  (MAF) Flow(m
3
/s) 

200 % (Flushing Flow) 42885 

60 – 100 % (Optimum 

Range) 
12865-21443 

60% (Outstanding) 12865 

50% ( Excellent) 10721 

40% (Good) 8577 

30% ( Fair or Degradation) 6432 

10% (Poor) 2144 

 

It is seen that flows are not in the poor condition (10% of Mean Annual Flow) of the river 

system. Flow in June maintains the optimum range. Flows in December are also in excellent 

condition; which is greater than 50% of mean annual flow. July to October is the months 

when river flushes with more than its bearable flows, here is seen especially in July. So, 

according to above given tables, more than 40% of Mean Annual Flow (around 8500 m
3
/s) 

should be available during the month of February to March. Table 7 shows corresponding 

environmental flow. 

Table 7:  Environmental Flow demand based on Tennant Method.

Months E-Flow (m
3
/sec) Remarks 

February 40% of 

Mean 

Annual Flow 

8577 

Dry Months 
March 8577 

July 

200% of 

Mean 

Annual Flow 

4288

5 

Wet Month ( 

Flushing 

Flows) 

 

4.1.1.3 Teesta river (Station: Dalia)

The mean annual flow is found as 807 m
3
/s which is much less than Padma River‘s mean 

annual flow. March is the driest month in these time series. January to May, five months are 
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considered as dry months; rest seven months are considered as wet months. Mean monthly 

values are shown in Table8 and . Table 9 shows the percentage of flows in different condition 

according to Tennant method.

Table 8:Mean monthly flow at Dalia Station of Teesta River.

Months 

Average Monthly Flow 

(m
3
/sec) 

(During 2009-2018) 

January 162 

February 115 

March 104 

April 213 

May 417 

June 1073 

July 1591 

August 1575 

September 1543 

October 1403 

November 898 

December 589 

 

Table 9: Percentage of Mean Annual Flow (MAF).

Percentage of  

(MAF) 
Flow(m

3
/s) 

200 % (Flushing 

Flow) 
1614 

60 – 100 % 

(Optimum Range) 
484-807 

60% 

(Outstanding) 
484 

50% ( Excellent) 403 

40% (Good) 322 

30% ( Fair or 

Degradation) 
242 

10% (Poor) 80 

 

It is seen that flows are not in the poor condition (10% of Mean Annual Flow) of the river 

system. Flows of January, February and March are nearly poor condition. Flow in June 

maintains 60% of MAF. Flows in December are in optimum range; which is greater than 60% 

of mean annual flow. July to October is the months when river nearly flushes with more than 

its bearable flows, here is seen especially July.
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So, according to above given tables, more than 40% of Mean Annual Flow (around 322 m
3
/s) 

should be available during the month of January to April. Table 10 shows corresponding 

environmental flow.

Table 10: Environmental Flow demand based on Tennant Method.

Months E-Flow (m
3
/sec) Remarks 

January 
40% of 

mean 

annual flow 

322 

Dry Months 
February 322 

March 322 

April 322 

July 

200% of 

mean 

annual flow 

1614 

Wet Month (Near 

about Flushing 

Flows) 

 

4.1.1.4 Atrai river (Station: Atrai Rail -way Bridge)

The mean annual flow is found as 150 m
3
/s which is very low rather than rest three rivers. 

January is the driest month in these time series. November to May, seven months are 

considered as dry months; rest five months are considered as wet months. Mean monthly 

values are shown in Table 11 Table 4.1.1.4.2 shows the percentage of flows in different 

condition according to Tennant method. 

Table 11:Mean monthly flow at Atrai Rail-way Bridge on Atrai River. 

Months 

Average Monthly Flow 

(m
3
/sec) 

(During 2009-2018) 

January 26 

February 49 

March 82 

April 121 

May 159 

June 199 

July 225 

August 247 

September 270 

October 221 

November 138 

December 65 
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Table 12:Percentage of Mean Annual Flow (MAF)

Percentage of  (MAF) Flow(m
3
/s) 

200 % (Flushing Flow) 301 

60 – 100 % (Optimum 

Range) 
90-151 

60% (Outstanding) 90 

50% ( Excellent) 75 

40% (Good) 60 

30% ( Fair or 

Degradation) 
46 

10% (Poor) 15 

 

It is seen that flows are not in the poor condition (10% of Mean Annual Flow) of the river 

system. Flows in December are in good condition; which is greater than 60% of mean 

annual flow. June to September is the months when river is going nearly flushes with more 

than its bearable flows, here is seen especially September.

So, according to above given tables, more than 40% of Mean Annual Flow (around 

322m
3
/s) should be available in the month of February. Table 13 shows corresponding e-

flow.

Table 13:Environmental Flow demand based on Tennant Method. 

Months E-Flow (m
3
/sec) Remarks 

February 

40 % of 

Mean 

Annual Flow 

60 Dry Month 

June 

200% of 

Mean 

Annual Flow 

301 Wet Months 

(nearly on 

going 

Flushing 

Flows) 

July 301 

August  301 

Septembe

r 
301 

 

4.1.2 Flow Duration Curve Analysis 

4.1.2.1 Padma river (Station: Hardinge Bridge)

Flow duration curves for each month for the period of 2009-2018 have been constructed 

from daily mean discharge. For environmental flow, here set out 90
th 

percentile for normal 

months and 50
th

percentile for high flow months. Therefore, the50
th

and 90
th

percentile flows 

of Padma River at Hardinge Bridge were calculated from flow-duration curves for this 

period and shown by the Column Graph. 
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Figure 3: Discharge (m
3
/sec) vs. Time (month) 

 

Considering June to October as high flow months and November to May as normal months, 

the e-flow for Ganges for each month were calculated to be as follows and shown in 

Table14. 

 

Table 14: E-flow demand as tabled by Flow Duration Curve Analysis. 

Month 

Environmental Flow 

(m
3
/sec) 

Percentil

e Remarks 

January 1331 

90 Normal Month 

February 965 

March 731 

April 686 

May 697 

June 4318 

50 
High Flow 

Months 

July 21892 

August 34933 

September 34324 

October 19786 

November 3239 
90 Normal Month 

December 2681 

 

 

4.1.2.2 Jamuna river (Station: Bahadurabad Transit)
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Figure 4: Discharge (m
3
/sec) Vs. Time (month). 

 

Table 15: E-flow demand as tabled by Flow Duration Curve Analysis.

Month Environmental Flow(m
3
/s) 

Percentil

e Remarks 

January 5130   

February 4010   

March 3966 90  

April 5241  Normal Month 

May 7565   

June 25769   

July 43123   

August 41177 50  

September 34786  High Flow Months 

October 27768   

November 7869 90 Normal Month 

December 5672   
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4.1.2.3 Teesta river (Station: Dalia)

 

Figure 5: Discharge (m
3
/sec) Vs. Time (month) 

Table 16: E-flow demand as tabled by Flow Duration Curve Analysis 

Month 

Environmental 

Flow(m
3
/s) Percentile Remarks 

January 26   

February 21   

March 16 90  

April 63  Normal Month 

May 33   

June 1000   

July 1548   

August 1458 50  

September 1328  

High Flow 

Months 

October 916   

November 135 90 Normal Month 

December 65   

 

4.1.2.4 Atrai river (Station: Atrai Rly. Bridge)

 

Figure 6: Discharge (m
3
/sec) Vs. Time (month).
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Table 17: E-flow demand as tabled by Flow Duration Curve Analysis.

Month 

Environmental 

Flow(m
3
/s) Percentile Remarks 

January 9   

February 8   

March 8 90  

April 13  Normal Month 

May 41   

June 184   

July 227   

August 231 50  

September 279  High Flow Months 

October 234   

November 45 90 Normal Month 

December 25   

 

4.1.3 Aquatic Base Flow Method

4.1.3.1 Teesta river (Station-Dalia)

This method is based on median flow analysis. Median flow of a month has been calculated 

from the mean daily monthly flows data sets. February is found to be the lowest flow month 

(48.5 m
3
/s) during 1997-2007 by this Aquatic Base Flow method. So, according to the 

Aquatic Base Flow Method, The Teesta River requires minimum 48.5 m
3
/s flow throughout 

the year unless additional flow is required to meet the needs. Table 18 below shows the 

monthly flow demand in this time period are considered as e-flow.

Table 18: Monthly demand as indicated by Aquatic Base Flow Method 

Month E- Flow (m
3
/sec) 

January 86 

February 48.5 

March 54 

April 101 

May 367 

June 957 

July 1255 

August 1262 

September 915 

October 521 

November 219 

December 137 
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4.1.3.2 Atrai river (Station: Atrai Rly. Bridge)

Table 19 below shows the monthly flow demand in this time period are considered as e-flow. 

Table 19: Monthly demand as indicated by Aquatic Base Flow Method.

Month E- Flow (m
3
/sec) 

January 28 

February 18 

March 13 

April 9 

May 18 

June 70 

July 321 

August 381 

September 372 

October 286 

November 114 

December 46 

 

April is found to be the lowest flow month (9m
3
/s) during 1964-1994 by this Aquatic Base 

Flow method. According to this Method, The Atrai River requires minimum 9 m
3
/s flow 

throughout the year unless additional flow is required to meet the needs.

4.2 Discussion

Here is the discussion about the flow requirement of flow of the month with the fisheries, 

ecological and Sundarbans‘requirement of flow. The flow requirement of fisheries, ecological 

and Sundarbans‘found from the previous analysis (Akter J., 2010).

Firstly we discuss Padma River average monthly flow during the 2001-2011. From Tennant 

Method Analysis, we found the average monthly flow. November to April average flow 

satisfies the Golda fish flow requirement of 379m
3
/s but average flow of May doesn‘t satisfy 

the 2008m3/s flow for Golda fish with 37% average flow difference during the month of 

May-September. 6023m
3
/s of flow of Golda fish requirement also satisfies in October. 

During the month of July to October, 9318m
3
/s of flow of Hilsha fish fulfills this River. It 

helps to many Bangladeshi poor people to survive life. It also satisfies the requirement of 

Carp fishes of minimum 853m
3
/s of flow during December to February and maximum 12829 

m
3
/s of flow during July to August. For Gangetic Dolphin, it has no flow requirement 

problem for minimum 2213m
3
/s during November but its problem in May with 75% average 

flow difference of maximum 5177m
3
/s during the month of May and October. For Ghorial 

habitat, no problems for the requirement of minimum 664m
3
/s in March and maximum 

3775m
3
/s in August to September and same for the minimum requirement 542m

3
/s of flow 



pg. 100 
 

for sustainability of Sundarbans during April and 22715m
3
/s of flow for natural river flushing 

during August to September.

5. Conclusion 

This study attempted to consistently review the philosophy of Environmental Flow 

Assessment for Jamuna, Padma, Teesta and Atrai Rivers to apply the concepts of desktop 

Environmental Flow Assessment to Bangladeshi rivers. The main purpose of the study is 

―How to assess the river flow‖ and environmental water requirement prospects in the 

country. The results of low flow river may also fulfill the ecosystems, in principle, be 

maintained in a reasonable state even with the limited Environmental Flow allocations 

because of severe data limitations, the magnitude of the task and the very coarse scale of the 

analysis (the entire large river basins only). At the same time, the desktop Environmental 

Flow Assessment method suggested in this study has a number of advantages:

 It is commensurate with existing data and understanding of hydrological relationships, 

simple and quick to apply and explicitly includes the concepts of hydrological 

variability, which as the modern hydro-ecological theories agree, caters for the 

requirement of various ecosystem components (Black, A. R. and J. S. Rowan, 2005). 

 It is generic and can be applied to any stream or flow related source of any size and in 

any physiographic conditions because it is very easy process to acquire the monthly 

flow demand and median calculation. 

 It can and should be made more flexible by applying different shifts at different 

percentile flows and examining the results on the output Environmental Flow time 

series. It is therefore important to stress that the method suggested should rather be 

seen as a step towards a better justified desktop EFA tool in the future. 

Existing flow pattern of Padma or Ganges River proves that it has less than 10% of average 

flow during dry March and April .According to Tennant‘s formula the river is in less than 

poor condition August and September months flow is more than the flushing flow (200% of 

average flow). So, the river is in extreme condition: too much low flow in dry period and too 

much high flow in wet period. 

It is necessary to consider initiating several comprehensive Environmental Flow Assessment 

projects in different parts of the country and to relate the results to hydrology of the basins. 

This would also little help from this analysis to better justify and improve the other suggested 

method. 
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