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Abstract

Due to the spatial scarcity of hydrological records—particularly in the world’s arid and semi-
arid regions—the prediction and estimation of variables related to water resources remain highly
challenging. The lack of data impedes accurate analysis of water resources and optimal
management decision-making. The objective of this study is to introduce and evaluate the
application of the topological kriging (Top-Kriging) method as an advanced geostatistical
approach for predicting and estimating hydrological variables in river networks, particularly under
data scarcity conditions in arid and semi-arid basins. In this research, the theoretical foundations
and methodology of Top-Kriging were described, and the modeling of spatial correlations based
on the topological structure of river networks and catchment areas was examined. Subsequently,
the results of applying this method to the estimation of low-flow variables in the Namak Lake
watershed (Iran) were presented. Furthermore, the challenges and limitations of this method in arid
and semi-arid regions, as well as strategies for mitigating them, were analyzed. Findings from the
Namak Lake basin indicated the gauge density, spatial configuration of gauges, and performance
of input data quality control estimation. By considering the nested network structure and river
morphology. Comparative evaluations with other studies have shown that Top-Kriging, by taking
into account the directed and nested structure of river networks, provides more precise and less
biased estimates of hydrological variables at ungauged locations. This method also enables the
quantification of prediction uncertainty, which is crucial for management decision-making in water
resources and environmental management. Key practical requirements and constraints for applying
Top-Kriging include access to accurate river-network topology and catchment delineations,
sufficiently dense and appropriately distributed gauge networks, and temporal stability (or

stationarity) of the hydrological variables of interest.

Keywords: Geostatistics, River Network, Spatial Interpolation, Topological Kriging.



Ministry of Agriculture Jahad
Agricultural Research, Education and Extension Organization (AREEQ)
Soil Conservation and Watershed Management Research Institute (SCWMRI)

Title: Evaluation of the Advanced Topological Kriging Interpolation Method in
Hydrological Variables Predictions in Arid and Semi-arid Regions

Authors: Zahra Sheikh, Alireza Moghaddamnia, Mohammadreza Yazdani

Text Editing: Saeed Nabipay Lashkarian

Document Formatting: Abbas Seddigh

Publisher: Soil Conservation and Watershed Management Research Institute.
Circulation: 10 Copies

Date of Print: Autumn 2025

This scientific work has been registered with the series number of 68365 at the date
of 2025-11-20 in the Agriculture Information and Scientific Documents Center. All
rights reserved. No part of this publication may reproduced or translated without the
original reference.



Ministry of Agriculture-Jahad
Agricultural Research, Education and Extension Organization
Soil Conservation and Watershed Management Research Institute

Technical Report:
Evaluation of the Advanced Topological Kriging Interpolation Method in
Hydrological Variables Predictions in Arid and Semi-arid Regions

Authors:
Zahra Sheikh, Alireza Moghaddamnia, Mohammadreza Yazdani

Series Number: 68365

2025



Q“C"‘gs Minstry of Agriculture - Jahad
pTY] Agriculture Research, Education and Extention Organization o
- Soil Conservation and Watershed Management Research Institute

Technical Report

Evaluation of the Advanced Topological
Kriging Interpolation Method in
Hydrological Variables Predictions in Arid

Authors:
Zahra Sheikh, Alireza Moghaddamnia,
Mohammadreza Yazdani

Series Number: 68365
2025



