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The authors build a framework that links direct and indirect effects of ENSO on global
soybean production with a focus on North and South America. The authors use linear
structural causal models (SEM) to quantify the impacts of spring and summer soil
moisture as well as extreme heat on soybean yield anomalies in the main growing regions.
In addition, ENSO variability is linked to extratropical SST patterns, local weather and
soybean yields in Brazil, Argentina and the US.

General comments:

The paper is very well written and clearly structured. Findings are compared with results
of similar studies and put into context. Using SEM models to link ENSO, SST and soil
moisture, as well as soil moisture, heat and yields is an innovative approach that builds on
previous research which only focused on parts of the causation chain. Limitations and
potential future research are well described. The title, however, is misleading as the
majority of the analysis refers to correlations between ENSO, SST, soil moisture and
soybean yields in each of the three breadbaskets. Spatial correlations between the three
production areas via ENSO conditions are only mentioned in the Discussion and not
explicitly analysed. Thus, I suggest a change of title or additional analysis of spatial
correlations, e.g. of soil moisture conditions or crop yields between the regions.

Specific comments:

The authors state that crops are particularly vulnerable during the reproductive time and
identify relevant months for South America and months for North America. I suggest
specifying that this refers to soybeans as soil moisture sensitive growing periods differ
between crops and regions. There are also differing definitions of sensitive growing
periods. In addition to the papers that the authors cite, USDA has published crop



calendars with slightly differing moisture sensitive growing periods:
https://ipad.fas.usda.gov/ogamaps/cropmapsandcalendars.aspx

Regarding the selection of counties, using rainfed production and harvested areas makes
sense. It would be useful to provide an estimate of the total share of global production
that the study covers in the end. The authors state that the US, Argentina and Brazil
account for 80% of global soybean production. After excluding a few relevant US states, is
the share of global production in your study still significant?

I have trouble to understand why soil moisture drives (assuming causality) extreme heat.
I would assume the driver of soil moisture is heat. Please provide more information on the
underlying land-atmosphere coupling you are referring to in the methodology paragraph
(It is mentioned in the discussion later. I suggest referring to it already earlier in the
manuscript).

There is an important difference between correlation and causation, as I am sure the
authors are well aware of. I also assume that the SEM methodology considers this. It
would be helpful if the authors elaborated on this further, especially regarding the
example soil moisture -> heat or heat-> soil moisture.
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