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Introduction

A sediment curving rate is a method to describe the relationship between river discharge and
suspended sediment load for a particular location. The rating curves have been used to predict
sediment load by hydrologists for more than sixty years (Horowitz, 2002). Obtaining more
accuracy in determination of sediment load needs to long-term continuous data with a sufficient
frequency. Mostly, a power function regression is used for sediment rating curves (Asselman,
2000):

Q= aQb 1)
The other form of this equation is linear log-transformation:
Log (Qs) = log (a) + b log (Q) 2

Where Q is river discharge (m%s), Q; is suspended load discharge (ton/year), and a and b are
regression coefficients . The back transformation of the sediment load to the arithmetic domain
creates a bias which can lead to load underestimation (Crowder et al. 2007). The main objective
of this study is to determine the sediment rating curve for different 26 hydrometric stations in
the Mazandaran basin, Iran, with various data separation methods (daily, monthly, seasonal,
annually, classified, and high discharge and low discharge flow months). The efficiency of each
rating curve was evaluated using different statistical characteristics. Another objective is to
evaluate the sediment load and sediment yield of Mazandaran basin.

Methodology

The 26 stations in Mazandaran basin were used for analysis in this paper. For each station six
separate rating curves were produced as follows: a) general sediment rating curve for all of the
data without separation, b) rating curve by mean loads within flow discharge classes, ¢) monthly
rating curves (twelve curves), d) seasonal rating curves (spring, summer, fall, and winter curves),
e) low discharge and high discharge rating curves (months with the mean flow greater than
annual mean flow were considered as high discharge months and the remaining were considered
as low discharge months) and f) the annual rating curve. For each station, various rating curves
were created by employing linear regression to the logarithmic data of flow and sediment
discharges. These stations had a 29-year period of (1982- 2011) continuous sediment and flow
discharges data. Calculation of different efficiency criteria for sediment rating curves validation
in different stations indicated that using a single efficiency criterion is not sufficient for judgment
on the prediction capability of curves. Therefore, a combination of the different statistical
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efficiency criteria, including determination coefficient (R?), Nash-Sutcliffe coefficient (ME),
mean squared error (MSE), and mean relative error (RME) were used.
The homogeneity test at a sufficient level of 95% revealed that the data are randomized and
homogenous. The rating curves were fitted on 80% of data and the other 20% were used for the
validation phase.

Results and Discussion
The result of different sediment rating curved showed that:

- The general sediment rating curve without data separation has the highest error in sediment
loads estimation which agrees with Tale Zang station in Dez basin, Iran (Heidarnejad and
Gholami, 2012). This model was suggested for no station.

- Baladeh, Goran Talar, Kordkhil, Doab, Pol-Zoghal, Razan and Harijan are the stations which
the sediment rating curve with classified flow discharge was the optimum model for sediment
load estimation.

- The monthly sediment rating curve was found to be the best model for Vali Abad, Zwat,
Kelardasht, Valt and Glurt stations.

- In Kiakala stations on the Talar river the rating curve with seasonal separation was the model
with lowest error.

- The high flow and low flow discharge sediment rating curves were the best models for
sediment load prediction in Abshar station at the Chalous river and Sefidchah station at the
Nekarood river.

- The annual rating curve was the optimum model for sediment load prediction in most of the
stations. These stations were as follows: Rig Cheshmeh, Soleiman-Tangeh and Garmrood at
the Tajan river, Panjab and Karsang at the Haraz river, Haratbar and Ghale Gordan at the
Cheshmehkilleh river, Abloo at the Nekarood river, Pol-Margan at the Chalous river, and
Shirgah 1 and 2 at the Talar river. Harrington & Harrington (2013) stated that the uncertainties
at the annual rating curve is much lower than those at the monthly curves. They also found
that the data separation either seasonally or by stage does not improve the sediment load
estimation profoundly.

Conclusions

The sediment rating curve is the most common method for sediment load estimation in the
basin where sufficient data of water discharge and suspended sediment concentration are
available. In this paper, the sediment rating curves with different data separation methods were
developed for 26 hydrometric stations in 8 rivers of Mazandaran basin, Iran. For each station,
various rating curves were created by employing linear regression to the logarithmic data of flow
and sediment discharges. These stations had a 29-year period of (1982- 2011) continuous
sediment and flow discharges data. Calculation of different efficiency criteria of sediment rating
curves validation in different stations indicated that using a single efficiency criterion is not
sufficient for judgment on the prediction capability of curves. Therefore, a combination of
different statistical efficiency criteria, including determination coefficient (R?), Nash-Sutcliffe
coefficient (ME), mean squared error (MSE) and the mean relative error (RME) were used.
The rating curves were fitted on 80% of data and the other 20% were used for the validation
phase. The obtained modeling results indicated that the separation of data had a significant
impact on sediment load estimation. So, the models with no separation data were not offered.
The annual separation and the classified water discharge methods were the best models for
developing rating curves in Mazandaran basin stations. The seasonal separation and high flow-
low flow models were respectively suggested for only 1 and 2 stations. The monthly rating curve
was the best model in stations with  relative climate and hydrological condition variations.
The ratio of bed load to suspended load in the basin was estimated between 0.025 to 12 for
different stations. By combining the flow duration curves, daily mean discharges, monthly
mean discharges, and six different sediment rating curves, the sediment yield in each station was
computed with 18 models and the results compared with the actual yield. The computed sediment
yield in the basins ranges from 27.6 t01852 ton km™ year™. 22% of the basin area has sediment
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yield less than 100-ton km year™ and 35% between 200 to 400-ton km™ year™. This agrees well
with other findings in the semiarid catchments. Comparison of estimated and actual sediment
load in the basin indicated that the average percentage error in sediment load estimation in the
basin was -16% with a range from -54% to +32%.

The sediment load plot of the Mazandaran basin created by using the ArcGIS 10 software. This
plot indicated that the effect of river area on sediment loads was more than the effects of river
elevation and steep.
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