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Objective: This study evaluates the accuracy of several empirical methods (Deacon,
Fuller, Specific Flood, and Franco-Rodier) for estimating flood discharge in ungauged
rivers of Semnan Province and identifies the most suitable method and its error for
eachriver.

Method: Annual flood statistics from water gauge stations were collected and
rigorously validated through visual inspection, statistical analysis (including mean and
standard deviation), and outlier tests. Data independence was assessed via the run
test, while homogeneity was verified using double mass curves. Four empirical
methods were applied to estimate flood discharge based on physiographic
watershed characteristics. Performance was evaluated by comparing results against
statistical benchmarks and calculating relative errors for each river. The study
focused on rivers originating from the Alborz Mountains, which are characterized by
their short lengths and variable salinity.

Results: The results showed that the Specific Flood method achieved the highest
accuracy for the Tash Sofla River, with an error of 35.63%. Fuller’s method performed
best for the Farahzad River, having only a 3.71% error. Deacon’s method proved to be
the most effective for the Majan River, with an 18.83% error, while Franco-Rodier
delivered the best results for the Abersaj River, with a 38.91% error. Data homogeneity
and randomness were confirmed across all stations. The run test validated the
randomness of the flow, and the double mass curves indicated consistent
hydrological behavior. Notably, accuracy varied significantly among the rivers,
highlighting the importance of context in determining effectiveness.

Conclusions: Empirical methods can provide acceptable flood estimates in ungauged
basins but require careful selection based on river-specific characteristics. Fuller’s
method achieved exceptional precision (3.71% error) for the Farahzad River,
demonstrating its potential for targeted applications. However, no universal method
emerged, as performance depended on watershed properties, such as terrain and
flow regime. Practitioners should prioritize localized validation to minimize errors and
ensure accuracy. These findings support the use of empirical approaches when
traditional data are unavailable, thereby enhancing flood resilience in vulnerable
regions.
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Introduction

Floods are among the most significant natural disasters, affecting numerous regions worldwide,
including developed countries. Among all natural disasters, floods cause the most damage to human
populations. Approximately one-third of the damages caused by natural disasters are attributed to
floods, and their consequences can directly or indirectly impact two-thirds of the global population.
Floods also result in significant loss of life annually. As one of the most critical climate crises, floods
claim thousands of lives each year, inflict substantial damage on human societies and the
environment, and have instilled fear in populations since ancient times. Consequently, effective flood
management and control are of paramount importance. Available evidence and reports indicate that
flood-related damages exceed those caused by other natural disasters.

Arab Khodri (1989) utilized data from 42 hydrometric stations to develop empirical relationships
for estimating maximum floods in areas lacking statistical data. These relationships were based on
factors such as basin area, average annual precipitation, basin diameter, and shape factor, derived
from flood investigations in the northern Alborz watershed. His findings identified the Log Pearson
type 3 distribution as the most suitable regional distribution for the data.

Selajgeh (1994) investigated floods in 38 watersheds, each covering less than 10,000 hectares.
Using the results, he derived coefficients for empirical relationships to predict floods with return
periods of 5, 10, 25, 50, and 100 years.

Nazari (2006) calibrated Fuller’s empirical relationship for watersheds in Fars Province and
classified the studied watersheds based on their flood potential.

Dasturani et al. (2009) emphasized the importance of studying floods and mudslides in
watersheds, particularly the maximum discharge of river regimes. Their research analyzed
the sensitivity of parameters in empirical relationships used to estimate instantaneous
maximum flow rates. They evaluated ten methods, including Deacon, Krieger, Fuller, English,
Kutan, Meyer, Fanning, Horton, and the United States Geological Survey (USGS) method. The
results revealed that all methods were highly sensitive to the basin area parameter, especially
in smaller areas. Among the methods, Fuller’'s approach showed greater sensitivity to
changes in return periods during low-return intervals.

Method

This study focused on rivers in Semnan Province, including Tash Sefali, Farahzad, Majen,
Abrasaj, and Cheshme Ali Damghan. These rivers originate from the southern slopes of the
Alborz Mountain range and flow north to south into the desert plains. While the rivers have
clear, fresh water at their sources, they become saline after passing through salt fields and
chalky lands. Due to the short distance between the mountains and plains, these rivers are
typically short in length. To estimate flood magnitudes, empirical methods such as Deacon’s,
Fuller’s, special flood, and Franco-Rodier’s were employed

Results

Annual flood statistics from water gauge stations in the study area were collected and
evaluated for accuracy. Initially, the data were visually inspected by comparing flood records
across stations on a vyear-by-year basis. Subsequently, statistical methods, including
calculations of mean and standard deviation, were used to verify the accuracy of annual flood
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values. Additionally, outlier data tests were applied to assess the reliability of rainfall records
from a hydrological perspective.

The independence (randomness) and homogeneity of the data were also examined. The
run test method was used to evaluate data independence, while the double mass curve test
was applied to assess homogeneity. Table 3 presents the results of the independence test for
annual flood data at selected stations, confirming that the flow patterns are random.
Traditional empirical methods (Deacon, Fuller, special flood, and Franco-Rodier) were used to
estimate flood values. The results indicated that:

e The specific flood method was the most accurate for the Tash Sofla River, with a
relative error of 35.63%.

e Fuller’'s method provided the best estimate for the Farahzad River, with a relative error
of 3.71%.

e Deacon’s method was most suitable for the Majan River, with a relative error of
18.83%.

e Franco-Rodier’s method yielded the best results for the Abersaj River, with a relative
error of 38.91%.

Conclusions
This study evaluated the effectiveness of empirical methods in estimating floods with
varying return periods. The findings revealed that:
e The specific flood method was the most accurate for the Tash Sofla River, despite its
relatively high error rate of 35.63%.
e Fuller’'s empirical method provided the best estimate for the Farahzad River, with a
minimal error of 3.71%.
e Deacon’s method was most suitable for the Majan River, with an error of 18.83%.
e Franco-Rodier’s method yielded the best results for the Abersaj River, albeit with a
higher error rate of 38.91%.

The results demonstrate that the accuracy of empirical methods varies significantly across
different rivers. Therefore, no single method can be universally recommended for flood
estimation in the study area. Careful consideration of the appropriate method is essential to
minimize errors and ensure accurate flood predictions. For instance, Fuller's method, with an
error rate of 3.71% for the Farahzad River, proved highly effective in estimating maximum
flood magnitudes.
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