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Extended abstract

Abstract

Groundwater resources are among the most vital water supply sources for
various uses, including drinking, agriculture, and industry, especially in arid
and semi-arid regions. In Iran, ganats (traditional underground aqueducts)
have historically played a crucial role in sustaining local communities.
However, climate variability, declining rainfall, and improper management
have significantly reduced ganat discharge in recent years. Accurate
prediction of ganat discharge is therefore essential for sustainable water
resource management. This study aims to forecast the discharge of the
Baladeh Qanat in Ferdows, South Khorasan province, using time series
models, providing a scientific basis for future water management decisions
in the region.

Materials and Methods

Study Area

The study area is the Baladeh Qanat, located 22 km northeast of Ferdows
city in South Khorasan province, Iran.
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This ancient ganat, recognized as a UNESCO World Heritage site, currently
supplies water for both agricultural and domestic purposes. Discharge data for the
past ten years were obtained from the local Agricultural Jihad Organization. The
research employed fundamental time series analysis methods, specifically
Autoregressive (AR), Moving Average (MA), and Autoregressive Moving
Average (ARMA) models. The data were first pre-processed to identify and
remove outliers. The data's stationarity was assessed in variance (using the Box-
Cox method) and mean (using differencing with a lag of 1). The normality of the
data was verified using the Kolmogorov-Smirnov test. After ensuring stationarity,
various ARIMA models were fitted to the data, and model selection was based on
the Akaike Information Criterion (AIC). The best-fitting model was then used to
forecast ganat discharge for the next ten years. All analyses were conducted using
Minitab software.

Results and Discussion

The initial analysis indicated a clear decreasing trend in the ganat discharge over
the past decade, necessitating differencing to achieve stationarity in the mean. The
Box-Cox test confirmed stationarity in variance. Among the tested models, the
AR(2) model was identified as the most suitable based on the lowest AIC value
and diagnostic checks using ACF and PACF plots.

The forecast results suggest a significant decline in the ganat's discharge, with an
estimated reduction of approximately 433 liters per second over the next ten years.
This projected decrease is alarming and highlights the vulnerability of the region’s
water resources to both climatic and anthropogenic pressures. The findings
underscore the urgent need for improved management strategies, including water
conservation, ganat maintenance, and adoption of sustainable agricultural
practices.

Conclusion

This study demonstrates the effectiveness of time series models, particularly the
AR(2) model, in forecasting the discharge of traditional ganats. The predicted
sharp decline in water availability over the coming decade calls for immediate and
coordinated water management interventions in the Baladeh region. The
methodology presented here can be applied to other ganats and groundwater
systems facing similar challenges, aiding policymakers and local stakeholders in
making informed decisions for sustainable water resource management.
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Fig 1. Geographical Location of Ferdous City in South Khorasan Province (Abedini, 2022).
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Table 2. The Static Data of Qanat Baladeh.
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Table 3. VValues of AIC Coefficients and Model Parameters
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Table 4. Forecasting the amount of irrigation in Belde Ferdous aqueduct using time series
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Amount of Irrigation (lit/s) year Amount of Irrigation (lit/s) Year
1714 1408 1980 1403

1625 1409 1847 1404

1573 1410 1788 1405

1509 1411 1732 1406

1547 1412 1810 1407




2500

2000

1500

1000

(4l o ) pal 300

amount of irrigation (lit/s)

500

0

1402 1403 1404 1405 1406 1407 1408 1409 1410 1411 1412 1413

Il
year

(S (3l 0oliul by g3 ,9 ouly LB (BT Gl 5e (St st Sl ged Y S
Fig 6. Forecasting Graph of the Amount of Irrigation of the Balde Ferdous Aqueduct Using Time Series.
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