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Recent drought dynamics in the Limpopo River Basin



Recent drought dynamics in the Limpopo River Basin

VCI of April 2022, 2023, and 2024 (left to right) for the Limpopo River Basin shows 
continued deterioration in vegetation conditions



Analyzing Luvuvo River

8



DEA – Use Cases 
Hands on!

Identification of use cases

Notebook development

Collaboration and consultation

Validation and verification of the results 

Sandbox deployment



https://github.com/digitalearthafrica



https://bit.ly/43Aowif Link

https://bit.ly/43Aowif
https://github.com/digitalearthafrica/deafrica-sandbox-notebooks/blob/14240b404df76961c46cc827f65fca34cf12b0bf/Use_cases/Limpopo_River_Basin/01_Dam_Volume_Prediction/01_dam_volume_data_preprocessing.ipynb


Overview

Module Objective Data Used Method Key Output Application

1. Dam Volume 
Estimation

Prediction of 
dam Volume 
using EO data 
& ML

DE Africa 
Waterbodies 
(surface area)

Gradient 
Boosting ML 
model

Predicted dam 
volume(m³), Wet 
Surface Area 
Time Series

Reservoir 
management, 
drought early 
warning, storage 
monitoring

2. Irrigation 
Water Use 
Tracking

Assess water 
use in irrigated 
farmlands

Irrigated area 
mask (binary 
raster), 
WaPOR AETI-M 
data 
(evapotranspiratio
n) 

Spatial overlay in 
Jupyter 
Notebook

Irrigation water 
use (m³) by 
region/date, 
irrigation 
footprint (ha)

Agricultural 
water 
accounting, 
Seasonal 
monitoring

3. Water 
Availability 
Estimation

Water stress in 
river channels 
using SWAT & 
EO data

SWAT  flow output 
+ NDVI + rainfall

Time-series & 
map overlays

Flow forecasts, 
rainfall/NDVI 
insights

Basin-wide 
planning, Digital 
Twins, Climate 
risk analysis



Use Case I – Predicting Dam Volume

IMPORTANCE

• Water Management Efficiency: Accurate dam volume estimation supports the efficient allocation of water for 

agricultural, industrial, and domestic needs It ensures water is used sustainably and reduces conflicts between 

sectors during periods of scarcity (Fuentes et al., 2021).

•  Disaster Risk Mitigation: Helps mitigate disasters such as  floods and droughts. During heavy rainfall, it enables 

timely reservoir release to prevent overflow and downstream flooding. During dry periods, it aids in drought 

preparedness by forecasting declining water availability and enabling early interventions (Enayati et al., 2024).

•  Ecosystem and Environmental Flow Management: Predicting water volumes helps ensure that environmental 

flow requirements are maintained to support aquatic ecosystems. This helps in conserving biodiversity, 

maintaining river health, and avoiding the negative impacts of abrupt flow alterations(Kumar &Jayakumar,2021 ).

https://www.sciencedirect.com/science/article/abs/pii/S1364815221001389?via%3Dihub
https://link.springer.com/article/10.1007/s13201-024-02260-w
https://www.sciencedirect.com/science/article/pii/S1470160X20309857


Workflow Overview

Predicted Dam Volume 
Time Series (m³)

Dam Volume Prediction

Water areaDam volume Observed water levels 

DoWAS, South Africa Digital Earth Africa

Data Cleaning and Preprocessing

Gradient Boosting

Secondary Data EO-based information

Model Evaluation & 
Diagnostics



Steps to Use Google Collab

1.Go to by this link https://colab.research.google.com/

2.Sign in with your Google account

3.Click “New Notebook”

4.Change runtime type (optional)

5.Write and run Python code in cells

6.Install required packages using !pip install

7.Upload files using files.upload() or mount Google Drive

8.Import the necessary Python libraries

9.Save the notebook to Google Drive or download it

https://colab.research.google.com/


Google Colab

Open the Google Colab notebook and run all cells



Data Flow

•Downloaded CSV
•preprocess_data.csv

Colab Notebook
01_dam_volume_data_preprocessing 

•Uploaded CSV
•preprocess_data.csv

•Downloaded CSVs
•prediction_data.csv
• test_data.csv

Colab Notebook
02_dam_volume_data_training

•Uploaded CSVs
•preprocess_data.csv
•prediction_data.csv
• test_data.csv

Colab Notebook
03_dam_volume_data_prediction



Use Case II – Monitoring Irrigation Water

IMPORTANCE

• Water Resource Planning and Management: Mapping irrigated areas helps estimate agricultural water demand, which is 

essential for efficient allocation of irrigation water from sources like dams, canals, and groundwater(Abd-Elaty et al., 

2024).

• Agricultural Productivity Monitoring: By mapping irrigated lands, monitoring crop performance, assessing yield 

potential, and identifying areas of low productivity can be done. This supports the design of targeted interventions to 

improve food security and agricultural resilience (Abiri et al.,2024).

• Drought Impact Assessment: Accurate maps of irrigated areas allow for assessing the vulnerability of agricultural zones 

to climate extremes, such as droughts and heatwaves. This enables better adaptation strategies and climate-resilient 

planning in agriculture(Ambika et al.,2016).

https://www.sciencedirect.com/science/article/pii/S0378377424003998
https://www.sciencedirect.com/science/article/pii/S0378377424003998
https://www.sciencedirect.com/science/article/pii/S0378377424003998
https://www.sciencedirect.com/science/article/pii/S0378377424003998
https://www.sciencedirect.com/science/article/pii/S0378377424003998
https://www.sciencedirect.com/science/article/pii/S2405844023098092
https://www.nature.com/articles/sdata2016118


Overview

Inputs

• Irrigated farmland maps
• Water use data (WaPOR AETI-M)

Method 
Steps

• Select study area
• Align spatial resolution
• Convert rasters to polygons
• Overlay & aggregate water use

Outputs

• Total water used (m³)
• Irrigated land area (ha)
• Time-specific irrigation estimates



Google Colab

Open the Google Colab notebook and run all cells



Use Case III – Water Availability

IMPORTANCE

• Water Resource Planning: Long-term simulation of water flows across large river 

basins helps in planning and estimating available water for agriculture, drinking, 

and industrial uses. This supports strategic allocation and sustainable 

development.

• Disaster Risk Mitigation: Forecasting and simulating flood and drought 

scenarios, issuing early warnings based on real-time and forecasted data, can help 

in preparedness and support climate-resilient water management. This can also 

support Digital Twin-based alert systems.



Overview

• SWAT model output
• NDVI
• Rainfall data

Inputs

1.Identify flagged river channels
2.Review historic & forecasted 

water flows
3.Overlay rainfall and NDVI 

maps
4.Interpret possible causes 

(e.g., drought, flooding)

Methodology
• Water flow forecast charts
• Maps: rainfall & NDVI overlays
• Diagnostic interpretation of 

river stress factors

Outputs



Google Colab

Open the Google Colab notebook and run all cells



Notebook Links

1. Dam Volume Data Pre Processing 01
2. Dam Volume Model Training 02
3. Dam Volume Prediction 03
4. Irrigation Water Use Tracking
5. Water Availability Estimation

https://colab.research.google.com/drive/1LBLobE32C_FuWw_xXnqPZwG0bcwfQuUc?usp=sharing#scrollTo=T1wEfPUeSqzq
https://colab.research.google.com/drive/1LBLobE32C_FuWw_xXnqPZwG0bcwfQuUc?usp=sharing#scrollTo=T1wEfPUeSqzq
https://colab.research.google.com/drive/1zD-lCOaJiul-NfNMpDmMBqUootZ4divX?usp=sharing#scrollTo=C1W7zoufgSO-
https://colab.research.google.com/drive/1zD-lCOaJiul-NfNMpDmMBqUootZ4divX?usp=sharing#scrollTo=C1W7zoufgSO-
https://colab.research.google.com/drive/1VVCTUQbkfyM3Llrx-QF0IDYAX1_Mf_zh?usp=sharing#scrollTo=0jk8QybhU0WK
https://colab.research.google.com/drive/1VVCTUQbkfyM3Llrx-QF0IDYAX1_Mf_zh?usp=sharing#scrollTo=0jk8QybhU0WK
https://colab.research.google.com/drive/1nAWdfcfZkP0hGT5sDOqwdpsBSwkmRPCn?usp=sharing#scrollTo=U-LleviGRQd2
https://colab.research.google.com/drive/1nAWdfcfZkP0hGT5sDOqwdpsBSwkmRPCn?usp=sharing#scrollTo=U-LleviGRQd2
https://colab.research.google.com/drive/1NyhSF9F6b57DoBg7FWRrXrkkQG2jTzYF#scrollTo=k1muSentVdVZ
https://colab.research.google.com/drive/1NyhSF9F6b57DoBg7FWRrXrkkQG2jTzYF#scrollTo=k1muSentVdVZ


Published Documents & Further Reading

Digital Twin for management of water resources in the Limpopo River Basin: a concept. Colombo, Sri 
Lanka: International Water Management Institute (IWMI)  Documentation & Articles: [Topic A] – 

Garcia Andarcia, M., Dickens, C., Silva, P., Matheswaran, K., & Koo, J. (2024). Digital Twin for management 
of water resources in the Limpopo River Basin: a concept. Colombo, Sri Lanka: International Water 
Management Institute (IWMI). CGIAR Initiative on Digital Innovation. 4p.

Limpopo River Basin Digital Twin Open Data Cube Catalog

Afham, Abdul; Silva, Paulo; Ghosh, Surajit; Kiala, Zolo; Retief, H.; Dickens, Chris; Garcia Andarcia, 
Mariangel. 2024. Limpopo River Basin Digital Twin Open Data Cube Catalog. Colombo, Sri Lanka: 
International Water Management Institute (IWMI). CGIAR Initiative on Digital Innovation. 22p.

Status of irrigated area in the Limpopo River Basin: July 2024

Kiala, Zolo; Matheswaran, Karthikeyan. 2024. Status of irrigated area in the Limpopo River Basin: July 
2024. Colombo, Sri Lanka: International Water Management Institute (IWMI). CGIAR Initiative on Digital 
Innovation. 5p.

https://hdl.handle.net/10568/151898
https://hdl.handle.net/10568/151898
https://hdl.handle.net/10568/163028
https://hdl.handle.net/10568/155296


SCAN FOR MORE 
INFORMATION


	Section dividers
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 8: Analyzing Luvuvo River 
	Slide 9: DEA – Use Cases Hands on!
	Slide 14
	Slide 15
	Slide 16: Overview
	Slide 17: Use Case I – Predicting Dam Volume
	Slide 18: Workflow Overview
	Slide 19
	Slide 21: Google Colab
	Slide 22: Data Flow
	Slide 23: Use Case II – Monitoring Irrigation Water
	Slide 24: Overview
	Slide 25: Google Colab
	Slide 26: Use Case III – Water Availability
	Slide 27: Overview
	Slide 28: Google Colab
	Slide 29: Notebook Links
	Slide 30: Published Documents & Further Reading

	Closing Slides
	Slide 31


