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Abstract

A GIS-based Soil Conservation Service Curve Number (SCS-CN) approach was used to estimate surface-
runoff potential in Yemen’s arid Abyan Delta (∼1,237 km2). Sentinel-2 (10 m) imagery was classified into major
land-cover types and combined with hydrologic soil groups (HYSOGs) to assign CN values under Antecedent
Moisture Condition II. The composite CN map (67–100; mean = 91.8) indicates limited infiltration across large
areas of bare or impervious surfaces on clayey soils. Using the standard SCS-CN equations, event runoff was
simulated for representative storm depths of 74, 124, and 174 mm. The model produced direct-runoff depths of
∼52, 100, and 150 mm, corresponding to runoff coefficients of ∼71%, 81%, and 86%, and basin-wide volumes
of 0.65, 1.24, and 1.85 × 108 m3, respectively. Spatial attribution shows that high-CN zones (notably barren HSG-
C/D units and built-up/roads) generate most of the runoff despite covering a smaller fraction of the delta. The
results identify priority areas for spate-irrigation, retention, and recharge interventions, and provide a reproducible
baseline for flood-risk reduction and water-harvesting planning in data-scarce drylands. The workflow can be
readily updated with improved soils, land-use, or climate inputs to support adaptive management.
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1. INTRODUCTION

Efficient capture of floodwater is critical in arid regions
such as the Abyan Delta in southern Yemen, where
agriculture depends on episodic spate flows and de-
clining groundwater reserves. Previous studies have
documented the delta’s hyper-arid climate and limited
rainfall [1, 2]. For example, Ewea (2007) reported that
mean annual precipitation on the coastal plain is only
50–100 mm, rarely exceeding 100 mm in the delta, while
higher rainfall (>200 mm) occurs only in the adjacent
highlands. Most effective rainfall comes during short
monsoon storms (July–September), yet potential evapo-
transpiration exceeds 2,000 mm yr-1, resulting in severe
water scarcity. With a population of ∼20,000 in Zinjibar
town heavily reliant on irrigation, understanding runoff

generation is vital for water harvesting, spate irrigation,
and recharge planning.

The Soil Conservation Service Curve Number (SCS-
CN) method, developed by the USDA, is one of the most
widely used empirical models for estimating direct runoff
from rainfall. It integrates precipitation, land cover, soil
type, and moisture conditions into a simple equation that
requires relatively limited data [3, 4]. Recent studies
have demonstrated the benefits of combining SCS-CN
with GIS and remote sensing, which enable spatially ex-
plicit runoff estimates in data-scarce basins. Applications
include catchments in Palestine [5], India [6], and Saudi
Arabia [7], all showing reliable performance. Similar ap-
proaches have been applied globally to arid basins for
flood assessment and water-resource planning [8–10].

Despite these advances, few studies have investi-
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