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1. Background
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Source: Modeling the Water Budget, NASA JPL:

https://www.jpl.nasa.gov/edu/teach/activity/modeling-the-water-budget/  

The Global Water Budget 

The global water budget is 

under pressure with 
significant effects on many 

downstream sectors (FAO, 

2021).
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Source: Modeling the Water Budget, NASA JPL:

https://www.jpl.nasa.gov/edu/teach/activity/modeling-the-water-budget/  

The Global Water Budget 

The global water budget is 

under pressure with 

significant effects on 

many downstream sectors 

(FAO, 2021).

Soil moisture is a critical 

parameter used in 

understanding the 
hydrological cycle.
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Soil Moisture

Useful application in:

• Sustainable farming and 

agricultural practices,

• Flood and erosion control, and

• Drought monitoring and 

prediction.

SFSCON

Soil moisture content is the 

measurement of the amount of water 

held in soil expressed in mm of water 

depth. 

Source: Irrigation Water Management: Training Manual, Food and Agricultural Organization 

(FAO). Chapter 2: Soil and Water: https://www.fao.org/3/r4082e/r4082e03.htm 
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Soil Moisture Anomalies

“Soil Moisture Anomaly is a climatic indicator used to 
detect and monitor the start and duration of agricultural 
drought and other dryness/wetness conditions”

SFSCON

Source: Annual Soil Moisture Anomalies over Italy (1997 to 2018), European Space Agency, 

https://www.esa.int/ESA_Multimedia/Images/2017/09/Italy_soil_moisture_anomalies 
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2. Motivation
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Why smodex?

❑ Soil moisture and soil moisture anomalies are 

reliable predictors for dryness/ wetness 

conditions, 

❑ Climatic analysis can involve multiple steps and 

processing chains,

❑ Climatic analysis are often computationally 

demanding,
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3. smodex package
pip install smodex
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smodex

A tool for accessing, analyzing and sharing soil 

moisture data and information.

SFSCON

Source: SMODEX, Python Package Index (PyPI), 

https://pypi.org/project/smodex/ 

Data Access Computation Visualization Sharing

smodex– an acronym for soil moisture indices.
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smodex

smodex  smodex  

Data Access Computation Sharing
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30 years × 365 days × 4 synoptic hours × x_dim × y_dim 

High dimensional datasets:
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API 2 API 3

Daily
Weekly Monthly
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Soil moisture anomaly for September 2011 over South Tyrol

Temporal scale: monthly

Soil moisture anomaly for 2nd week of 2011 over South Tyrol

Temporal scale: weekly
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Daily Climatology Weekly Climatology

Monthly Climatology Seasonal Climatology

Monthly anomalies Weekly anomalies

• Spatial resampling,

• Temporal resampling,

• Climatology at different 

time scales,

• Temporal trends, 
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SFSCON

Expanding to meet user’s needs  
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The Alpine Drought Observatory

❑ Soil moisture anomalies 

products on the ADO portal,

❑ Used in CI pipeline to produce 

data in a simple way

SFSCON

Source: Spatial Distribution of Soil Moisture Anomalies over the European Alps for 29th of March, 2022. The Alpine Drought 

Observatory. https://ado.eurac.edu/sma 
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The Alpine Drought Observatory

Source: Spatial Distribution of Soil Moisture Anomalies over the European Alps for 29th of March 2022. The Alpine Drought 

Observatory. https://ado.eurac.edu/sma 

❑ Soil moisture anomalies 

products on the ADO portal,

❑ Used in CI pipeline to 

produce data in a simple way

❑ Additional data validation for 

downstream uses

SFSCON

Source: Soil moisture validations for different datastes 

and different stations within the European Alps. Soil 

moisture validation ADO. 
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4. Conclusion
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smodex is: 

SFSCON

❑an open-source python tool for:

 i.) accessing climate datasets,

 ii.) computing soil moisture indicators, and

 iii.) sharing generated datasets with other scientists in an 

open-source standard-compliant way

❑provides functionalities for 

 i.) spatial and temporal analysis,

 ii.) data resampling, and 

 iii.) sharing (accessible metadata)

❑Extensible to:

 i.) accessing data from other earth observation/climate 

data APIs, and

 ii.) computing new indicators
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What next?

SFSCON

o Extend data access to other earth observation APIs, 

o Extend data computation to workflow for soil moisture 

estimation and anomalies from other high-resolution earth 

observation datasets, 

o  Provide a CLI tool to enable easy adoption of  

computations in high-performance computing 

environment, 

o Extend tools based on user’s requests for specific 

downstream functionalities
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Useful links

❑ SMODEX package on PyPI

https://pypi.org/project/smodex/

❑Getting started with SMODEX

https://smodex.readthedocs.io/en/latest/guide/quickstart.html

❑ The Alpine Drought Observatory

https://ado.eurac.edu/

❑EU Alpine region’ Soil Moisture Anomalies on EDP Portal

https://edp-portal.eurac.edu/discovery/ea665ca2-0ceb-11ed-86c5-02000a08f4e5
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Link to this presentation:
https://www.sfscon.it/talks/smodex-a-python-package-for-understanding-the-evolution-of-soil-moisture-anomalies/ 

https://ror.org/01xt1w755

Code repository:
https://gitlab.inf.unibz.it/earth_observation_public/smodex 

https://www.sfscon.it/talks/smodex-a-python-package-for-understanding-the-evolution-of-soil-moisture-anomalies/
https://ror.org/01xt1w755
https://gitlab.inf.unibz.it/earth_observation_public/smodex
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