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ABSTRACT 
Suspended Sediment (SS) resulted from distributed soil erosions facilitates soil organic matter 
transportation and influences soil depletion. Organic matter in soil (SOM) is the most important 
indicator of soil quality and productivity and consists of a complex. Evaluation of soil organic 
matter erosion processes in watershed scale is necessary for better understanding of the 
watershed system leading to appropriate management approaches. In the other hand, different 
behaviors of soil erosion as well as necessity of regional studies have been proved. The present 
study was conducted in Kojour watershed, Iran. To get some ideas about the storm wise OM 
loss, to evaluate relationship between peak of OM concentration and discharge during individual 
rain events and  to access the applicability of rainfall and runoff variables of 7 storm events in 
prediction of storm-wise OM loss. Results showed that most of the OM peak preceded the peak 
discharge, following a clockwise hysteretic loop that exhibited hysteresis with a greater OM 
concentration for a given discharge occurring on the rising limb rather than on the falling limb. 
Results also showed that regression models had good efficiency in estimation of storm-wise OM 
loss with coefficient of determination and median of estimation error of above 96% and below 
45%, respectively. The results could facilitate the application of given methods obtained in the 
present study to other engaged watershed with similar conditions and leading to the suitable soil 
and water management. 
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INTRODUCTION 

Soil erosion causes adverse agronomic, ecologic, 
environmental and economic effects both on-site 
and off-site. The on-site consequences involve 
primarily the reduction in soil productivity, while 
the off-site consequences are mostly due to the 
sediment and chemicals transported away from 
the source into natural waters by streams.1 
Therefore, sediment yield provides an important 
index of land degradation, severity and trends. 
Some contaminant associate with sediment and 
thus, their transport and fate in environment is 
determined by the fate of sediment. Accordingly, 
suspended sediment moving in watershed 
provides a path way for the transport of 
sediment- associated contaminant.2-4 
Eutrophication, low oxygen levels and high 
nutrient and organic matter (OM) concentrations 
in reservoirs, canals and other water courses, is a  

common water pollution feature.5,6 
Many soil scientists advocate the conservation 
of Soil Organic Matter (SOM) because of the 
modifying effects organic matter has on soil 
properties. Effects include greater water 
retention and availability, the ability to retain 
nutrients within the root zone, greater 
buffering capacity against pH change, 
contribute to soil structure and form stable 
aggregates.1 SOM also influences 
environmental processes at a global scale. 
Topsoils are a huge terrestrial reservoir of C, 
which has a modifying effect on carbon 
dioxide concentrations in the atmosphere and 
can thus influence climate warming. Several 
pollutants such as nutrient, pesticide and heavy 
metals adsorb on SOM, therefore in erosion 
process dramatically eroded along OM. 
To develop effective watershed management 
and water resources strategies, it is important * Author for correspondence 
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to quantify the sediment and sediment-
associated OM load from watersheds. The 
most OM Loss from watersheds is exported 
during rainfall events resulting in rapid 
temporal variations in their load. This makes it 
difficult to accurately estimate the OM load 
because of the need for intensive water 
sampling during periods of highly fluctuating 
discharge.  
Evaluation of governing process in OM loss is 
necessary for better understanding of the 
watershed system leading to appropriate 
management approaches. In the developing 
country where soil erosion is a serious 
problem, most of studies only focus on soil 
losses and less work has been done to 
investigate nutrient and OM losses associated 
to soil erosion during the storms. It is generally 
due to lack of accurate input data and even 
nonexistence of measured data for proper 
evaluation of models. With sufficient 
observeted data from one watershed, a 
regression model can be developed relating 
depended variable and independed one such as 
rainfall and runoff characteristics. 
On the basis of available statistics, 300m2 of 
forests is being continuously depleted per each 
second in Iran. Forest degradation has 
therefore become as a major issue in Iran as 
same as many other progressing countries 
owing to complicated natural and 
anthropologic driving force. The Hyrcanian 
area is mainly extended in northern faced 
aspect of Alborz Mountan range (northern 
Iran) and therefore receive considerable annual 
precipitation ranges from 600 to 2000 mm. So, 
many Iranian rivers flow in this part of the 
country because of humid climate.3 Many wet 
lands, dams and water bodies that economical 
use and ecological life of which are 
endangered by the suspended sediment and 
associated pollutants, located in this region, 
which logically justify the necessity of OM 
erosion associated study.  

AIMS  AND OBJECTIVES 
The present study was therefore formulated to 
get some ideas about the storm wise OM loss, 
to evaluate relationship between peak of OMC 
and discharge in rainfall event and to develop 
accessible OM loss regression model based on 
rainfall and runoff characteristic for Kojour 
watershed as a representative watershed 

parrallely located in north of Iran. These 
watersheds originate from Alborz Mountain 
range and drain to Caspian Sea. 
 

MATERIAL   AND   METHODS 
The Kojour watershed is located south east of 
Nowshahr Township in Mazandaran Province, 
Northern Iran. The general features of the 
study area are shown in Fig. 1. The basin area 
is about 500 km2 and mainly consists of forest 
lands in the middle and downstream reaches 
and rangeland in the upstream area. The 
highest and the lowest altitudes of the 
watershed are 2650 m and 150 m above mean 
sea level, respectively. The watershed is 
deeply incised with a gradient of between 25% 
and 60%7 Soil in the watershed is brown forest 
soil, which is classified as Pesdogelly having a 
loamy sand texture. 
Mean annual precipitation is 1309 mm at the 
downstream meteorological station, which 
inversely decreases as elevation increases so 
that the mean annual precipitation at the 
upland station declines to about 250 mm3. The 
region including the study site has a humid 
subtropical climate with a distinct dry season 
in winter in its lower part and a semi-arid and 
cold climate in the upper areas of the 
watershed based on the Köppen climate 
classification.7 
In order to conduct the study, water flow and 
Suspended Sediment Concentration (SSC) 
were monitored at the downstream outlet with 
the emphasis on sampling major runoff events. 
Discharge was calculated by incorporating 
cross-section and flow velocity data. SSC data 
were also manually obtained using the depth 
integration method during storm events with 
water samples collected in 2L capacity 
polyethylene containers.4 Samples were 
regularly obtained during the flood event at 1hr 
intervals. The SSC values were then 
determined through settling, decantation and 
drying by oven and air. OM was analyzed with 
LOI method.8 The occurrence of mass 
movement of sediment in the river caused 
increasing sediment concentrations during a 
period when flow was decreasing therefore, 
this storm was omitted from the evaluation.  
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Fig. 1 : Location and general view of study forest watershed, Northern Iran 

The corresponding recorded hydrographs and 
measured sediment graphs and chemographs 
OM were then developed and analyzed. The 
amounts of total storm-wise OM adsorbing 
sediment were then calculated based on their 
concentration graphs and in conjunction with 
hydrographs. 

RESULTS  AND  DISCUSSION 
Of the many small and large storm events that  

occurred during the collection period from 
September 2008 to March 2009, only seven 
storm events with persistent and analyzable 
data could be selected due to lack of 
synchronized data. The detailed data and 
information either calculated or extracted from 
hyetographs and hydrographs analyses have 
been summarized in Table 1. The descriptive 
statistics OMC for the study watershed have 
also been summarized in Table 2.  

Table 1 : Rainfall and runoff characteristics in study storms 

Event 
Rainfall (mm hr-1) Total 

rainfall 
(mm) 

Discharge (m3 s-1) Total 
runoff 
(m3) Min Max Ave Min Max Ave 

3 Oct-2008 0.04 0.48 0.26 1.58 0.01 0.14 0.05 2205 
11 Oct-2008 0.01 12.33 2.99 44.87 0.01 0.52 0.19 6724 
28 Oct-2008 0.01 1.17 0.37 10.1 0.05 0.22 0.13 5310 
30 Oct-2008 0.08 3.2 0.74 15.67 0.01 0.08 0.04 1697 
1 Nov-2008 0.09 3.2 0.78 16.49 0.01 0.19 0.08 2708 
9 Nov-2008 01-Jan 4.68 2.2 39.73 0.02 0.63 0.22 33261 
3 Dec-2008 0.01 3.56 1.11 53.32 1.1 2.22 1.55 39534 

                                 Table 2 :  OM loss during 7 storms in Kojour watershed 

S/N OM concentration  (gr l-1) OM 
Loss 
(ton) 

Lag 
  Time* 

 Event Min Max Ave  
1 3 Oct-2008 0.02 0.11 0.05 0.26 +3 
2 11 Oct-2008 0.07 5.30 1.37 22.73 +4 
3 28 Oct-2008 0.09 0.75 0.33 5.61 -3:40 
4 30 Oct-2008 0.05 0.07 0.06 0.53 -1.30 
5 1 Nov-2008 0.04 1.30 0.52 5.05 -6 
6 9 Nov-2008 0.05 0.30 0.15 7.25 0 
7 3 Dec-2008 1.70 2.8 2.15 14.5 0 
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Rainfall-runoff- OM loss 
Analysis of governing conditions such as 
rainfall-runoff relationship and recognition of 
their effects on OM erosion process is 
necessary. However, precise studies on 
governing relationships among aforesaid 
variables have been rarely taken into account. 
In order to estimate OM loss in Kojour 
watershed used rainfall and runoff variables. 
Independed variables in the predictions include 
total, average, maximum intensity rainfall and 
volume, peak and average discharge of 
hydrograph, in this case correlation analysis is 
used relate the total OM to the main rainfall 
and runoff characteristics.  
Different regression models were then 
established between OM loss observed and 
rainfall-runoff characteristics. The best-fit 
models between those variable selected based 
on maximum determination coefficient (R2) 
and minimum median of relative prediction 
error (RE).(Fig. 2) 
These results shown in Table 1 and Table 2 
indicated rather high variations in OMC and 
discharge. The value of OMC in the entire 
period ranged from 0.04 to 5.30 g L-1 with 
coefficient of variation (CV) of 251.18%, 
whereas discharge variability was in the range 
of 0.01–2.20 m3 s-1 with CV of 79.86%. It 
clearly verified high variation in both the study 
variables with the higher rate for the OMC. It 
can be inferred from Table 1 and Table 2 that 
the high relative variance of OMC data in 
comparison with discharge, demonstrates the 
significant and complex effects of changeful 
factors such as discharge on OMC.  
A large variation of denudation rate of 0.26 to 
22.73 tons i.e. from 0.0005 to 0.0454 t km-1 
with an average amount of 6.07 for the study 
storms clearly verified drastic interchange of 
sediment and OM transport in Kojour river as 
formerly reported by Sadeghi and Saeidi 
(2010) for same study region. 
Temporal variation of OMC and discharge 
The Suspended Sediment Concentration (SSC) 
and therefore, associated chemical versus 
stream discharge relationship during rain 
events usually exhibits differences between the  

rising and falling limbs of a hydrograph, i.e. a 
hysteresis loop.5 In majority of runoff events 
their peak sediment concentration generally 
preceded or occurred simultaneously with their 
peak runoff rates. For most of events, the 
maximum peaks of OMC generally preceded 
or occurred simultaneously to the maximum 
peak discharge (Table 2), which strongly 
suggests that the progressive decline 
mechanism is dominant in sediment supply in 
the study area. A postulated cause of positive 
hysteresis in the study area is a depletion of 
available sediment and OM before the water 
discharge has peaked and the concentrations 
rapidly decreased after the maximum peaks, 
these trends are indicative of the flushing 
effect. 
The dominance of clockwise hysteresis loops 
in previous studies has been interpreted as 
suggesting that a rainfall produced a 
sufficiently discharge to mobilize nearby 
sources of material along the channel and on 
nearby fields.5 These sources were postulated 
as being exhausted on the rising limb, resulting 
in lower concentrations of OMC on the falling 
one.  
Rainfall- Runoff- OM loss 
OM data was plotted against corresponding 
rain event variable with respective maximum 
and minimum values of 12.33 and 0.01. Data 
points loosely defined a relation between flow 
rate and OM transport. In other words, the 
scatter of points was considerable and 
regression models would not be reliable. The 
difficulties in establishing a clear relationship 
between rainfall characteristic and soil 
detachment and transport have been pointed 
put by other authors.9  
The initial results of development of different 
types of rain and Runoff–OM loss 
relationships in study watershed showed that 
almost all different types of models don’t 
establish good relationships in view point of 
correlation coefficient criterion. Although the 
models based on rainfall have not performed 
well in case of OM estimation for the Kojour 
watershed but runoff characteristic can use as a 
good predictor of OM loss.  
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Fig. 2 : Runoff-rainfall- OM loss regression models, in Kojour watershed, Iran 
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Although runoff developed model has its 
individual merit, but equation 1 unlinear and 
logarithmic in the only one, which 
comprehensively meets acceptable statistic 
criteria. The relative errors of estimation can 
verification for the revised model was 
respectively calculated as 45 % which fall 
within the acceptable range of soil erosion and  

sediment yield modeling. This model has 
performed well in the prediction of storm-wise 
OM loss in the Kojour watershed.  
OM loss= 4.181ln (X) + 13.12                    (1) 
Where  X is average of hydrograph discharge, 
the result of the comparative evaluation 
between measured and estimated sediment 
yield data has also been depicted in Fig. 3. 

 

 

 

 

 

                Fig. 3 :  Comparative evaluation between measured and estimated sediment yield data 
The scatter plot of predicted and observed OM 
loss data indicates very good agreement 
between two data sets.9-11  

CONCLUSION 
It can be concluded from the results of the 
study that the rainfall models did not perform 
well in the prediction of SOM from the study 
watershed, but the acceptable performance of 
the runoff models suggested their application 
for the study area and probably for other areas 
with similar agro-climatological conditions 
owing to its simplicity and accessibility of 
required inputs. The capability of the runoff 
models in the above evaluation without direct 
involvement of rainfall characteristics in 
estimation of sediment associated OM agreed 
with the Noor et al who stated sediment and 
nutrient yield from upland areas is generally 
better correlated with observed runoff than 
with rainfall, although a longer and widespread 
record of data is needed to better define the 
natural condition. The result of the present 
study can also be applied for better 
understanding of the governing conditions on 
Hyrcanian area in northern Iran, though more 
elaborated and comprehensively studies are 
essential to allow driving future reliable 
conclusion. 
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