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Supplementary Results

Global response

Table 1:

• CC w/o CO2 affects global average crop yield and CWP negatively, with larger decreases
simulated for rice and soybean;

• CC w/ CO2 has a strong positive effect on yield and CWP, especially in the case of wheat.
Positive effects on CWP of rice, soybean and maize are also large: global average CWP
increases by a median 9.7, 18.2 and 13%, respectively.

Comparison to FACE observations

Figure 1: Comparison of simulated CO2 response against FACE measurements: We extracted re-
sults from pixels corresponding to seven FACE locations (Table S1) in 2050 ([CO2]±550ppmv) and
quantified relative change in CWP under CC w/ CO2 and CC w/o CO2 to compare to FACE results.
The comparison between simulations w/ and w/o CO2 effects is similar to the FACE setting, but
simulations compare CO2 effects at future climate while FACE compares CO2 effects at current cli-
mate. Irrigated sites assume no water limitation and thus only differ in temperatures. Results should
not be considered as a direct comparison but just to demonstrate differences between GGCMs and
a comparison of observed vs simulated CWP ranges. Supplementary Table S2 summarises nitrogen
fertiliser application rates for each GGCM at each FACE location.

Overall, CO2 effects simulated in GGCMs are slightly overestimated for maize and soybean,
whilst they are underestimated for wheat and rice. We plotted simulated against observed results to
assess the spread of model simulations and observations in FACE experiments (Figure S4). We find
systematic biases in some models. For example, LPJ-GUESS tends to overestimate yield response
of C3 crops, while GEPIC tends to underestimate yields. This difference can partly be attributed
to model features, such as photosynthesis mechanisms or parameterisations (see below) and calls
for a more in depth testing of model structure and response. We note that large scale evaluation
and testing of model performance against observations have been very minimal; rather, evaluation
has tended to focus on yield levels, with less attention paid to the accompanying ET. This is largely
because measuring crop ET over the entire growing season is extremely challenging from a technical
and financial aspect.
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Figure S5: Median Absolute Deviation (MAD) from the median relative change between simulated
CWP w/ CO2 and w/o CO2 only in the model ensemble (inc. 6 GGCMs � 5 GCMs) by the 2050s
under RCP 8.5. Rainfed simulations are shown for maize (a), wheat (b), rice (c) and soybean (d).
Simulated areas are masked by current rainfed areas from the MIRCA dataset.

Figure S6: Global average yield (left) and AET (right) (%) relative to 2000 simulated under RCP
8.5 for each GGCM driven by five different GCMs. Solid lines show median yield under both climate
change and CO2 effects whereas dashed-lines show median yield under climate change effects only,
i.e., with constant [CO2]. Shaded areas show the range across the GGCM-GCM ensemble under
w/o CO2 (yellow) and w/ CO2 (blue), distinctively, and overlap between w/o CO2 and w/ CO2

(red).
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Figure S7: Share of the model ensemble total variance in simulating global CWP resulting from
differences in (1) GCMs climate scenarios, (2) GGCMs response, and (3) CO2 effects for maize,
wheat, soybean and rice under RCP 8.5.
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Figure S8: Maize: Map of median relative change between simulated CWP w/ CO2 and w/o CO2

only (%) by the 2050s under RCP 8.5 for each GGCM driven by 5 GCMs. Rainfed simulations are
shown for maize. Simulated areas are masked by current rainfed areas from the MIRCA dataset.



Figure S9: Same as Fig. S8 for wheat
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Figure S10: Same as Fig. S8 for soybean
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Figure S11: Same as Fig. S8 for rice. Note PEGASUS does not simulate rice.
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