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Irrigation estimation

• Why?
• Monitoring irrigation water use
• Climate research: improved coupled

land-atmosphere systems

• How? 
• Modeling
• Remote sensing

→« the ideal dataset » (high spatial
and temporal resolution)
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Data assimilation

Modeling
land surface models

(Noah-MP)

Remote sensing
Sentinel-1

Data assimilation

Uncertainty
Gaps in time & space

Only surface soil moisture

Simulate irrigation
‘See’ irrigation
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Synthetic setup

Adapted from Modanesi et al. (2022, HESS)

Assimilate synthetic backscatter 𝜸°𝑽𝑽 into 
the Noah-MP LSM coupled to an irrigation 
scheme to update SSM and improve initial 

conditions for irrigation estimation
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Synthetic setup

Adapted from Modanesi et al. (2022, HESS)

Assimilate synthetic backscatter 𝜸°𝑽𝑽 into 
the Noah-MP LSM coupled to an irrigation 
scheme to update SSM and improve initial 

conditions for irrigation estimation

Objectives

• Better understand the system in a 
synthetic setup                                         
→ default DA

• Improve the DA for irrigation                     
→ buddy check approach
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EnKF DA for irrigation quantification
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Moisture availability:

𝑀𝐴 =
𝜃 − 𝜃𝑊𝑃

𝜃𝐹𝐶 − 𝜃𝑊𝑃
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perfect (no noise) daily 𝛾°𝑉𝑉
Precipitation error
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EnKF DA for irrigation quantification

Benefits
MA closer to the nature correcting 
the timing of irrigation events
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EnKF DA for irrigation quantification

Benefits
MA closer to the nature correcting 
the timing of irrigation events

Limitations
Updates to wetter soil moisture
delays/inhibits irrigation
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Towards an observation-based irrigation trigger
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Sudden large difference
between the forecast (model) 
and the observation

Towards an observation-based irrigation trigger
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Sudden large difference
between the forecast (model) 
and the observation

Towards an observation-based irrigation trigger

Hints towards an 
unmodeled process 

=
IRRIGATION

Trigger irrigation 
in the model
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day 1 day 2

Similar backscatter Observation >> forecast

Observation-based trigger

-10 dB -11 dB

-9 dB -6 dB
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Satellite

Trigger irrigation 
in the model
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Towards an observation-based irrigation trigger



Buddy check approach

Innovation = 
observation – forecast

13Louise Busschaert, Session 16C

Irrigation estimation 
& DA

Synthetic setup Default EnKF DA Buddy check approach Take home messages

Observation >> forecast



Buddy check approach

Innovation = 
observation – forecast

Δinnov =
innovt − innovt−1

Outlier detection threshold
𝑓(𝑀𝐴,𝑚𝑜𝑑𝑒𝑙 𝑒𝑟𝑟𝑜𝑟)
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Observation >> forecast
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Performance in a synthetic setup

• NICR: change in Pearson correlation
compared to a model only run (soil
moisture-based threshold)

NICR [-]

Improvement

Deterioration

For biweekly irrigation estimates
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Performance in a synthetic setup

• NICR: change in Pearson correlation
compared to a model only run (soil
moisture-based threshold)

• Observations sparse in time (x-axis)

NICR [-]

Improvement

Deterioration

For biweekly irrigation estimates

↓
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Performance in a synthetic setup

• NICR: change in Pearson correlation
compared to a model only run (soil
moisture-based threshold)

• Observations sparse in time (x-axis)

• White noise in the signal (colors)

NICR [-]

Improvement

Deterioration

For biweekly irrigation estimates

↓

↓
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Performance in a synthetic setup

• NICR: change in Pearson correlation
compared to a model only run (soil
moisture-based threshold)

• Observations sparse in time (x-axis)

• White noise in the signal (colors)

• Larger improvements when the model 
error is large (• vs x)

NICR [-]

Improvement

Deterioration

For biweekly irrigation estimates

↓

↓

↑
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Performance in a synthetic setup

Factor
Performance of buddy check 
approach (compared to OL)

Satellite 
observations

Observation interval ↓

Observation error ↓

Model Model error (e.g. precipitation) ↑

Location 
(soil type and 

climate)

Irrigation application depth [mm/event] ↑

Irrigation frequency ↓
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Take home messages

• The default EnKF DA shows potential but also limitations for irrigation estimation

• Novel method based on an innovation outlier detection (buddy check) approach
→ Double effect of the DA: 

✓sets better initial conditions to trigger irrigation

✓observation-based irrigation trigger

• Tested in a synthetic setup to understand the limitations

• Ready to be tested in the real world, but will need further research/developments
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Thank you!

louise.busschaert@kuleuven.be
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Detailed method
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Δ𝑖𝑛𝑛𝑜𝑣𝑖 ≥ 2 ∗ 𝑆𝐷𝑖𝑛𝑛𝑜𝑣,𝑛 ∗ 𝑚 if MA<1

𝑚 =
1−𝑀𝐴𝑖𝑟𝑟

1−𝑀𝐴
 if MA<1
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Example in Germany (rainfall error)
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For different locations
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For different locations
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