
Review: Improving wheat phenology and yield forecasting with a deep learning-enhanced 
WOFOST model under extreme weather conditions  
 
I appreciate the revisions and detailed responses provided by the authors, and I find that the 
manuscript has improved as a result. Several aspects of the modeling framework are now 
clearer. However, despite these improvements, I believe that major concerns remain regarding 
the assumptions and implementation of key components. These concerns build on my earlier 
comments as well as the clarifications offered in the revision. For clarity and to focus the 
discussion, I summarize them below as a set of fresh points. 
 

●​ It’s unclear how the correction factor F(EW), generated by the LSTM, is trained 
end-to-end, given that WOFOST is not a differentiable model. Since WOFOST has many 
non-differentiable operations (e.g., thresholding, conditional branching), standard 
gradient-based backpropagation from the loss (e.g., yield error) back to the LSTM 
parameters isn't directly possible. Could the authors explain how end-to-end optimization 
of the LSTM is achieved in practice? 

 
●​ One of the training targets used is yield. However, yield is influenced by many factors 

beyond phenology. This raises the risk of the model being right for the wrong reason. For 
example, consider a frost event that has no effect on phenological development but 
causes yield loss due to tissue damage. In such a case, the model may still adjust 
F(EW) to compensate for the yield discrepancy — inadvertently altering phenology, even 
though phenology was not affected by the frost. 
 

●​ It is unclear how agromanagement practices are incorporated into the modeling 
framework. The manuscript mentions that a standard practice involves applying (more 
than) 300 mm of irrigation water and a base fertilizer with topdressing. However, it is not 
specified how this is implemented within the WOFOST simulations. Could the authors 
clarify the timing, quantity, and method of irrigation and fertilizer application used in the 
simulations? Specifically, how much water and fertilizer are applied, and at which 
phenological stages or time points? 
 

●​ It appears that the correction factor F(EW) is computed as a single scalar for the entire 
season, rather than varying over time. As a result the same correction is applied during 
both vegetative and reproductive growth, even though weather impacts on phenology 
may differ substantially between these phases. 
 

●​ It seems that the computation of F(EW) requires access to the full-season weather time 
series, including data beyond the current day. In an in-season context — where the aim 
is to update the simulation up to today (before harvest) — WOFOST could still be run, 
but F(EW) would not be available unless future weather were known. Could the authors 
clarify how this limitation affects the applicability of their approach for real-time or 
in-season use? 
 



●​ Having gained a better understanding of the calibration and evaluation periods, a 
question remains regarding the representation of extreme weather events during 
calibration. Does the calibration period include instances of extreme weather? If not, how 
can the algorithm effectively learn to model their impact if it has not been exposed to 
such events during training? 
 

●​ Although the correction factor F(EW) is computed using a non-linear function (i.e. an 
LSTM), its integration into the phenology module appears relatively simple — it acts as a 
multiplicative factor applied to the development rate. Could the authors elaborate on the 
rationale for choosing this specific coupling mechanism? Are other forms of integration 
(e.g., additive or stage-specific adjustments) considered or tested?​
 

●​ The loss function includes both phenological stage errors (predicted vs. observed) and 
yield errors (predicted vs. observed). The authors should provide a clear rationale for 
how these components are balanced during training. Are they weighted equally, or is a 
specific weighting scheme applied? As previously noted, including yield as a target may 
confound the mechanisms, since yield is influenced by many factors beyond phenology. 
Clarifying this point is important to assess whether the model is learning the intended 
relationships. 


