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Figure 1. Location of the Til-abad Watershed in A) Gorganrud river basin; B) Golestan Province; and C) Iran.
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Figure 2. Hierarchy of spatial scales, including indicative spatial dimensions and timescales (12).
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Table 1. Spatial Units within the Framework: Delineation Criteria and Potential Data Sources.
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3- Wetted

4- Braid plain

5- Anabranching

6- Vegetated islands
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Table 3. Simple classification of morphology river types based on confinement index and planform.
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Figure 5. Four fundamental controllers on hydromorphological processes contain: (b) topography /
hypsometrics; (b) dominant geology; (c) land uses; and (d) Climate/ Annual percipitation average.
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Table 4. Preliminary characterisation of the elevation, geology and land cover of the landscape units at the

Til-abad watershed.
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Table 5. Characteristics used to determine the river segment units.

Increase in catchment area due to tributary

Confllnement Length (km) Slope (%) River Segment Lands%ape
class Increase (%) Area (km?) uni
Confined 12.9 4.08 - - S1
LUl
Confined 11.94 2.73 33.72 28.7 S2
Partly confined 3.04 2.32 203.87 330.23 S3
Partly confined 4.89 2.2 6.57 33.52 S4 LU2
Partly confined 10.79 2.26 18.02 100.76 S5
Partly confined 8.87 1.97 5.94 42.84 S6
LU3
Partly confined 3.81 1.76 5.58 44.9 S7
Unconfined 10.73 1.04 0.94 8.2 S8 LU4
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Figure 9. Segment units at the Til-abad watershed.
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Figure 11. Compares the bankfull and alluvial plain width to determine confinement index for Khormarud

River.

AMIS) 035 5 s Jo U s Laolimyl (gl cilises 285k 0,55 b (glalizd pSTa o3 3,50 5 -1 i
Table 6. Estimation of peak flood discharge with different return periods for Tilabad, Ghoznavi and Nodeh

station.

Return period

Probability distribution Station
QZ Q3 QS QlO QZS QSO QlOO QZOO
21 37 53 88 185 281 582 90.2 Log-Pearson Tilabad
54 84 13 22 40 81 115 182 Log-Pearson Goznavi Bridge
27 44 73 122 163 323 462 780 Log-Pearson Nodeh
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Table 7. A summary of the reach unit's morphological characteristics and their relationship with other
hierarchical spatial units for the Til-abad watershed.
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Figure 13. A summary of the reach unit's characteristics and their relationship with other hierarchical spatial
units for the Til-abad watershed. Confinement class (C: confined, PC: partly confined, U: unconfined),
Ha: Heavily artificial (type 0); Morphology /Threads and planform (SS: single- sinuous; SM: single-
meandering; TW: Transitional- wandering; MB: Multi thread- Braided), Dominant sediment type
(B: boulders; C: cobble; G: gravel; S: Sand; Fs: Fine sand; Si: Silt).
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Abstract

Background and Obijectives: To describe and evaluate all the complexities and to develop river
ecosystem management plans, it is necessary to examine all the components at different spatial and
temporal scales. In this regard, a hierarchical multi-scale framework has been applied as a flexible,
open-ended approach to conduct hydro-morphological assessment and also to support river basin
managers through exploring the causes of hydro-morphological management problems and devising
sustainable solutions. The framework has been suggested by REFORM Project (REstoringrivers
FOR effective catchment Management). Generally, the hydro-morphological assessment framework
and management plan cycle in river basins consists of four main steps as: 1) Delineation and
characterization of spatial units; (2) Hydro-morphological assessment of past, current and future
trends; 3) ldentification and prioritization of pressures and 4) Developing management plan and
implementing measures for restoration and rehabilitation The present paper introduces and applies
the first stage of this framework in Tilabad watershed (Golestan province - North of Iran). The
separating of the different spatial units of the study area allows the first to identify homogeneous
spatial units from the region to the geomorphic units and then identify the spatial relationship and
hydromorphological processes between them. It is also possible to detect the hydromorphological
effects of any natural and human pressure on different scales.

Materials and Methods: Remote sensing and GIS techniques along with several additional field
surveys as well as some data and information on hydrology, climate, topography, geology and land
cover, valley characteristics and channel and floodplain morphology were utilized to divide the river
system into internally consistent spatial units including bio-geographical regions, catchments,
landscapes, river segments, river reaches and geomorphic units.

Results: Based on the above-mentioned methodological framework, the hierarchy of spatial units in
the study area contains two units of bio-geographical region, one unit of catchment, four units of
landscape, eight segments units and 26 Reach units.

Conclusion: The results of this research has important contributions to systemic hydro-
morphological assessment and development of management plans in the Til-abad Watershed by
increasing process understanding and by providing descriptions on the characteristics and the
relationship between different spatial units. This hierarchical multi-scale framework has the
applicability and generalizability to other river basins in Iran formulating the integrated assessment
and management practices.

Keywords: Hydro-morphology, Landscape unit, Reach unit, REFORM Project, River management
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