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Introduction

Rainfed smallholder farming systems dominate in Africa 

There is a decline in the crop yield from these rainfed systems 

The unpredictable nature of rainfall due to climate variability and climate change 
in Nigeria has limited productivity of smallholder systems despite abundant rivers

Food insecurity, there were ~ 35 million facing acute food insecurity in Nigeria as 
of 2026 (World Food Programme, 2026)
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Aim

Irrigation potential of over 1.5 million hectares but less than 3% of Nigeria’s 
croplands are irrigated 

RiverWISE explores this vast untapped prospect in Southwestern Nigeria 

Our study seeks to provide scientific input for harnessing irrigation using Ogun-
Osun River Basin as case where irrigation use remains very limited

RiverWISE is promoting Earth Observation (EO)-based climate-smart irrigation for 
smallholder agriculture
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Study Area
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Farm 1-2 (Abeokuta)

Farm 3 (Apata) 



Objectives

Hydrogeomorphological analysis with SWAT and HEC-HMS models in the Ogun–Osun 
River Basin: Evaluate drainage patterns, slope, landform dynamics, land cover, and 
soil-water interactions, and their influence on water yield and irrigation demand

Estimating maize yield and irrigation demand to simulate optimal irrigation 
scheduling using the open-source AquaCrop-OSPy for crop-water modelling. 

Training stakeholders (e.g. basin officials, farmers and researchers) on EO-based 
irrigation management of smallholder farming systems 
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Why Maize?
• Extensive cultivation 
• Highly susceptibility to rainfall variability

• High economic value and a major food staple
• Current project focus is on maize monocropping 
• In mixed-farming systems, maize is often 

intercropped with cassava 
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Tasks, Methods and Data in RiverWISE
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HYDROGEOMORPHOLOGICAL ANALYSIS Basin delineation, terrain analysis, slope classification, and groundwater recharge 
assessment 

SWAT, HEC-HMS, QGIS, SRTM DEM, pysheds
Sentinel 2 data

CLIMATE & WEATHER DATA PREPARATION Preparation of rainfall, temperature, and evapotranspiration datasets CHIRPS, ERA5-Land Daily, Copernicus Climate 
Data Store

SOIL & LAND COVER MAPPING Mapping of soil properties and land cover characteristics ISRIC SoilGrids, LucFRes land cover data

CROP–WATER MODELLING Simulation of irrigation demand and maize yield under irrigation scenarios AquaCrop-OSPy, Jupyter Notebook, ERA5-Daily 
Tmax, Tmin, Et0, Prep, soil moisture sum

CROP STATS & FIELD DATA INTEGRATION Integration of crop yield, UAV mapping, and field management data LucFRes maize data, UAV imagery, field survey

CLIMATE SCENARIO ANALYSIS Simulation of irrigation scheduling and drought adaptation strategies Sentinel 1-2 datasets, statistical climate data

TOOL DEVELOPMENT Development of GIS and Python-based decision-support tools Python scripts, Jupyter notebook

CAPACITY BUILDING Training workshops for farmers, extension officers, and researchers Open-access tutorials, EO-ready workflow for 
smart irrigation

DISSEMINATION Preparation of reports, scientific publications, and open repositories Technical reports, peer-reviewed articles
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Hydrogeomorphological Analysis of the River Basin 
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.py Environment
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Basin Morphometry
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Basin land use
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SWAT MODEL & HEC-HMS Parameterization

11Fashae & Akinyemi RIverWISE NG_SE EOAC4



Basin Water Balance & Runoff Modelling (in progress)
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Ilora, Nigeria

Average farm size is 0.06 ha, spatial 
resolution of EO data is coarse
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Maize farm land use classification



Farm UAV Survey (17 Feb. 2026)
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Maize farm land use classification from UAV data

Farm A 

Farm B 
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Cropping calendar and farmers’ farm management practices
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Mapped 8 crop types with Sentinel-1 & 2 data  
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Overall accuracy (left) and class-wise PA (right, top) and UA (right, bottom). Scores
derived from 30-fold cross validation. Vertical lines in violins represent median score.
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Modelling crop responses 
with AquaCrop

• Climatic variables

• Soil physico-chemical 
properties

• Crop properties

• Farm management

• Water management

FAO 2023 
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Farm management 

• Model scenario with 
mulches and 

• Model scenario 
without mulches
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Impacts of farm 
management on dry yield
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Dry yield (tonne/ha): 
total biomass 
produced by the crop, 
excluding its water 
content, measured at 
the time of harvest. It 
represents the actual 
amount of dry matter 
(e.g., grain) harvested 
from a hectare of 
land.
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Early vs. Mid-Season Soil Moisture

Linear Mixed-Effects Model
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Linear Mixed-Effects Model
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• Dry yield (tonne/ha) as the 
dependent variable

• ~74 variables, e.g. climate 
variables - total precipitation, 
average temperature, 
ReferenceET, soil moisture at 
different growth stages as fixed 
effects

• Season to account for within-
season/year variability as a 
random intercept
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Irrigation scheduling is ongoing

Results of interview with farmers: 
• Irrigation schedule varied according to 

weather conditions and heat intensity

• Under normal weather conditions: of 
irrigation in the morning – 30 minutes 
irrigation in the evening – 30 minutes

• Under heat stress conditions: irrigation 
in the morning – 1 hour 
irrigation in the evening – 1 hour 

• Important to maintain soil moisture and 
reduce heat stress on crops.
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• Demonstrating daily irrigation with 
constant water depth daily of 2.1 -
3.8mm  for 3-4 times daily

Scenarios
• Rainfed IrrMethod = 0

• IrrMethod = 5 with 100% soil moisture targets 
(SMT) of %TAW (total available water) to 
maintain crops in each growth stage
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We set the initial soil water to a lower 
percentage of Total Available Water 
(TAW). For example, for Farm 1 
(Abeokuta) and Farm 3 (Apata), we 
compared rainfed and a daily n irrigated 
simulation.

Farm A demonstrates how changing the 
initial soil water content can lead to 
differentiated yields. 
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Scenarios



Crop production and planting arrangement

• Approximately 4,800 seedlings/seeds were 
planted. 

• Maturity period ranged from 70–75 days. 
The crops were planted in rows with 
organized spacing patterns.

• Drip tapes were carefully aligned along 
planting rows to ensure effective water 
delivery. 
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Estimated maize density & irrigation water use

• The following estimates were 
derived using the observed drip 
irrigation configuration, planting 
geometry, irrigation scheduling

• Water application rate: 0.3 liters 
every 20 minutes per 
plant/emitter

• Crop maturity period (70–75 days)
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Irrigation Demand and Yield
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Current Status

Work Completed
Site selection and reconnaissance 
Stakeholder engagement activities conducted
 Hydrogeomorphological analysis
Field and geospatial mapping
Basin land use and land cover analysis
Acquisition of soil & field management parameters
Initial SWAT and HEC model setup and preprocessing completed
Dry yield simulation of Maize in AquaCrop is completed 
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Ongoing Activities

SWAT Water Balance Model Calibration
• Calibration of the SWAT hydrological water balance model is currently pending 
HEC Model Calibration and Validation
• HEC model parameter calibration and performance validation remain outstanding
Hydrological Data Acquisition
• Awaiting river discharge data from the Ogun–Osun River Basin Development 

Authority (OORBDA) to support: 
• SWAT calibration and validation 
• HEC hydraulic simulations 
• Flow routing and water balance assessment 
• Improved model accuracy and reliability.

• Irrigation Scheduling and still awaiting maize crop yield data needed for calibration
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Component Activity Output

Stakeholder Engagement Workshop for farmers, 
extension officers, and basin 
managers on irrigation use

Improved stakeholder 
awareness and enhance 
support capacity

Research Training Training for early-career 
researchers and 
postgraduate students

Enhanced technical and 
analytical skills

Open Access Tools and 
Codes

Adoption and use of EO 
tools, Python scripts, and 
training modules

Shared lab-ready codes and 
learning resources through 
repositories

Capacity Building Component
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Institutional Collaboration (MOU) with NASRDA
(Through the Centre for Life Space Science)

• Strengthened institutional 
collaboration

• Enhanced geospatial and EO 
capacity

• Improved research and 
academic integration

• Increased stakeholder 
engagement and technical 
expertise
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