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Abstract

The transport effectiveness of a stream flow event of a certain magnitude in carrying a sediment load is defined as the product

of the effect of that event and the frequency with which it occurs. This approach is famously known as Magnitude-Frequency

Analysis (MFA). MFA has been commonly used to calculate “effective discharge” which is considered as the stream flow that

is responsible for transportation of the majority of the sediments from a river basin over a long period of time. In MFA, the

stream flow at a location is assumed to follow a continuous probability distribution whereas the sediment transport is described

by a rating curve between stream flow and sediment load. Despite the apparent good fit to the data, there are problems using a

rating curve to predict sediment load. The sediment load carried through a stream network can be affected by the variability in

stream flow occurring during different months or seasons (i.e. time scales) and consequent hysteresis phenomenon. Prediction

of sediment load can be improved by constructing separate rating curves for various time scales. In this study, daily stream

flow was assumed to follow the log normal distribution, and rating curves (between stream flow and sediment load) have been

developed for total, monsoon, individual months data and considering hysteresis phenomenon for total and monsoon data in

transport of sediments. Finally, MFA based effective discharges were calculated at 16 stream gauges in the Godavari River

basin, India. The results of this study can find use in the effective planning and functioning of dams/reservoirs.
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Godavari River is India's second longest river whose 
basin spreads over Indian states of Maharashtra, 
Andhra Pradesh, Chhattisgarh and Odisha. 

It has a total catchment area of 312,812 km2 and 
covers for nearly 9.5% of the total geographical area 
of India. 

The total length of the river from its origin to outfall 
into the Bay of Bengal is 1,465 km. 
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Magnitude-Frequency Analysis (MFA) provides a 
mathematical framework to determine “effective 
discharge” (i.e. discharge responsible for 
transportation of majority of sediments from a 
basin over a long period of time) by maximizing 
transport effectiveness function (TE). 

TE of a given discharge is the product of frequency 
of discharge and corresponding sediment load. 

The discharge was assumed to follow lognormal 
distribution and rating curves (between discharge 
and sediment load) developed for total, rise and 
fall (to check hysteresis), monsoon, monsoon rise 
and fall and individual months. 

MFA based effective discharges calculated at 16 
Gauges in Godavari River basin, India and these 
estimates can find use in the effective planning and 
functioning of dams/reservoirs. 

RESULTS 

The sediment load carried through a stream network can be affected by the 
variability in stream flow occurring during different months or seasons (i.e. 
time scales) and consequent hysteresis phenomenon. 

Prediction of sediment load can be improved by constructing separate rating 
curves for various time scales. 

Daily discharge was assumed to 
follow log normal distribution. 

TE function was developed for total, 
both stages (rise and fall), monsoon 
season, monsoon with stages and 
twelve months data. 

Effective discharges were calculated 
for these eighteen cases at 16 
Gauges. 

 Figure 2: Log-Log plots of power-law 
relationship between total suspended 
sediment load and discharge observed 
for Gauge ID: 10 (for brevity, single 
gauge is shown in figure). 

 Figure 3: Log-Log plots of power-law 
relationship between individual month 
suspended sediment load and discharge 
observed for Gauge ID: 10 (Shown by 
grouping months according to seasons). 

In case of total suspended sediment data, clockwise hysteresis was 
observed in 13 Gauges whereas in rest 3 Gauges (4, 6 and 9), no effect 
was found. 

For monsoon data, clockwise hysteresis was observed in 12 Gauges 
whereas in remaining 4 Gauges (1, 14, 15 and 16), no effect was found. 

  DISCUSSION 

Most of the stream gauges depict clockwise hysteresis in case of 
total as well as monsoon suspended sediment data. 

None of the Gauge shows anti-clockwise hysteresis in both set of 
data. 

Prediction of sediment load can be improved by fitting separate 
power law for different sets of data (months, seasons and 
stages). 

Effective discharge estimates were found to be higher in case of 
rising data sets (for total and monsoon). 

Impact of change in flood event due to monsoon or rainy season 
is clearly visible in the estimates of effective discharge for 
individual months. 

 Figure 1: 
Locations 
of the 16 
Gauges of 
Godavari 
River 
basin, 
India 
considere
d in this 
study 
(numbers 
correspon
d to IDs of 
the 
Stream 
Gauges). 

 Table 1: 
River 
basin 
characteri
stics. 

 Table 2: Estimates of effective discharges for total, staging, monsoon and monsoon 
staging data. 

 Table 3: Estimates of effective discharges for individual month data. 

 Effect of hysteresis 
by dividing the 
data into two 
stages: rising and 
falling. 

  Box plots showing variation in the estimates of effective discharge for 
different sets of data , 


