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S1 Model settings for global projection 14 

Category Model input 

Symbol 

in the 

model 

Type Setting Reference 

Climate 

variables 

Precipitation over the 

growing season 
 Quantitative 

Current: mean climate 

condition of 2011-2020; 

Future: mean climate 

condition of 2051-2060 

The current and future climatic data 1,2 are based on 

the climate models: “Gfdl-esm2m”, “Hadgem2-es”, 

“Ipsl-cm5a-lr”, “Miroc5”, and the RCP scenarios: 

“RCP 2.6”, “RCP 4.5”, “RCP 6.0”, “RCP 8.5”, the 

ensemble method is “r1i1p1”, the EWEMBI dataset 

(Observed atmospheric climate) was compiled to 

support the bias correction of climate input data. 

Potential 

evapotranspiration over 

the growing season 

 Quantitative 

Current: mean climate 

condition of 2011-2020; 

Future: mean climate 

condition of 2051-2060 

The current and future climatic data 1,2 are based on 

the climate models: “Gfdl-esm2m”, “Hadgem2-es”, 

“Ipsl-cm5a-lr”, “Miroc5”, and the RCP scenarios: 

“RCP 2.6”, “RCP 4.5”, “RCP 6.0”, “RCP 8.5”, the 

impact model is “Water_GAP2”, the EWEMBI 

dataset (Observed atmospheric climate) was compiled 

to support the bias correction of climate input data. 

Precipitation balance 

over the growing season 
PB Quantitative 

Precipitation – Potential 

Evapotranspiration over 

the growing season 

 

Average temperature 

over the growing season 
Tave Quantitative 

Current: mean climate 

condition of 2011-2020; 

Future: mean climate 

condition of 2051-2060 

The current and future climatic data 1,2 are based on 

the climate models: “Gfdl-esm2m”, “Hadgem2-es”, 

“Ipsl-cm5a-lr”, “Miroc5”, and the RCP scenarios: 

“RCP 2.6”, “RCP 4.5”, “RCP 6.0”, “RCP 8.5”, the 

ensemble method is “r1i1p1”, the EWEMBI dataset 

(Observed atmospheric climate) was compiled to 

support the bias correction of climate input data. 

Maximum temperature 

over the growing season 
Tmax Quantitative 

Current: mean climate 

condition of 2011-2020; 

Future: mean climate 

condition of 2051-2060 

The current and future climatic data 1,2 are based on 

the climate models: “Gfdl-esm2m”, “Hadgem2-es”, 

“Ipsl-cm5a-lr”, “Miroc5”, and the RCP scenarios: 

“RCP 2.6”, “RCP 4.5”, “RCP 6.0”, “RCP 8.5”, the 

ensemble method is “r1i1p1”, the EWEMBI dataset 



(Observed atmospheric climate) was compiled to 

support the bias correction of climate input data. 

Minimum temperature 

over the growing season 
Tmin Quantitative 

Current: mean climate 

condition of 2011-2020; 

Future: mean climate 

condition of 2051-2060 

The current and future climatic data 1,2 are based on 

the climate models: “Gfdl-esm2m”, “Hadgem2-es”, 

“Ipsl-cm5a-lr”, “Miroc5”, and the RCP scenarios: 

“RCP 2.6”, “RCP 4.5”, “RCP 6.0”, “RCP 8.5”, the 

ensemble method is “r1i1p1”, the EWEMBI dataset 

(Observed atmospheric climate) was compiled to 

support the bias correction of climate input data. 

Agricultural 

management 

activities 

Weed and pest control WDPT Qualitative Controlled  

Field fertilization F Qualitative Fertilized  

Crop residue 

management 
RM Qualitative Residue retained  

Crop rotation R Qualitative Rotated  

Crop irrigation Irrigation Qualitative 

No changes in current and 

future; Yes/No depends on 

the condition of irrigation 

for most of the cropping 

area inside each grid cell 

MIRCA2000 data from Goethe University 3 

Others 

Soil texture ST Qualitative 
No changes in current and 

future 
HWSD data from University of Tokyo 4 

Crop types Crop Qualitative 

Barley, cotton, maize, rice, 

sorghum, soybean, 

sunflower, wheat 

 

Crop growing season  Quantitative 
No changes in current and 

future 

Crop calendar data from University of Wisconsin-

Madison 5 
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S2 Partial dependence plot - probability of yield gain from CA  – T and PB. x  17 

 18 

Here we show the overall response of probability of yield gain from CA (NT with crop rotation and residue retention) towards PB and Tave for each crop. The 19 
green color indicates that the probability of yield gain from is higher than 0.5, while the red means the probability is less or equal to 0.5. The ticks on x-axis 20 
and y-axis are the observations of PB and Tave, a more reliable response can be expected in a zone with more observations. 21 



S3 (a) Probability of yield gain from CA in current scenario - barley 22 

 23 

Probability of yield gain with CA for barley under current (a) and future (b) climate conditions. Those 24 
regions with the probability of yield gain lower than 0.5 were highlighted in red (and green shades when 25 
the probability was higher). The results are based on the mean climate condition in 2011-2020 (current) 26 
and 2051-2060 (future) from the Ipsl-cm5a-lr climate model and the RCP 4.5 scenario. The side plots 27 
show the variations of 1st quartile (red), median (blue), and 3rd quartile (green) yield gain probability 28 
with latitude and longitude. Non-cropping region indicated both the regions without barley cropped and 29 
the regions where climate data was unavailable. 30 



S3 (b) Probability of yield gain from CA in current scenario – cotton 31 

 32 

Probability of yield gain with CA for cotton under current (a) and future (b) climate conditions. Those 33 
regions with the probability of yield gain lower than 0.5 were highlighted in red (and green shades when 34 
the probability was higher). The results are based on the mean climate condition in 2011-2020 (current) 35 
and 2051-2060 (future) from the Ipsl-cm5a-lr climate model and the RCP 4.5 scenario. The side plots 36 
show the variations of 1st quartile (red), median (blue), and 3rd quartile (green) yield gain probability 37 
with latitude and longitude. Non-cropping region indicated both the regions without cotton cropped and 38 
the regions where climate data was unavailable.39 



S3 (c) Probability of yield gain from CA in current scenario – rice 40 

 41 

Probability of yield gain with CA for rice under current (a) and future (b) climate conditions. Those 42 
regions with the probability of yield gain lower than 0.5 were highlighted in red (and green shades when 43 
the probability was higher). The results are based on the mean climate condition in 2011-2020 (current) 44 
and 2051-2060 (future) from the Ipsl-cm5a-lr climate model and the RCP 4.5 scenario. The side plots 45 
show the variations of 1st quartile (red), median (blue), and 3rd quartile (green) yield gain probability 46 
with latitude and longitude. Non-cropping region indicated both the regions without rice cropped and 47 
the regions where climate data was unavailable.48 



S3 (d) Probability of yield gain from CA in current scenario – sorghum 49 

 50 

Probability of yield gain with CA for sorghum under current (a) and future (b) climate conditions. Those 51 
regions with the probability of yield gain lower than 0.5 were highlighted in red (and green shades when 52 
the probability was higher). The results are based on the mean climate condition in 2011-2020 (current) 53 
and 2051-2060 (future) from the Ipsl-cm5a-lr climate model and the RCP 4.5 scenario. The side plots 54 
show the variations of 1st quartile (red), median (blue), and 3rd quartile (green) yield gain probability 55 
with latitude and longitude. Non-cropping region indicated both the regions without sorghum cropped 56 
and the regions where climate data was unavailable.57 



S3 (e) Probability of yield gain from CA in current scenario – soybean 58 

 59 

Probability of yield gain with CA for soybean under current (a) and future (b) climate conditions. Those 60 
regions with the probability of yield gain lower than 0.5 were highlighted in red (and green shades when 61 
the probability was higher). The results are based on the mean climate condition in 2011-2020 (current) 62 
and 2051-2060 (future) from the Ipsl-cm5a-lr climate model and the RCP 4.5 scenario. The side plots 63 
show the variations of 1st quartile (red), median (blue), and 3rd quartile (green) yield gain probability 64 
with latitude and longitude. Non-cropping region indicated both the regions without soybean cropped 65 
and the regions where climate data was unavailable.66 



S3 (f) Probability of yield gain from CA in current scenario – sunflower 67 

 68 

Probability of yield gain with CA for sunflower under current (a) and future (b) climate conditions. 69 
Those regions with the probability of yield gain lower than 0.5 were highlighted in red (and green 70 
shades when the probability was higher). The results are based on the mean climate condition in 2011-71 
2020 (current) and 2051-2060 (future) from the Ipsl-cm5a-lr climate model and the RCP 4.5 scenario. 72 
The side plots show the variations of 1st quartile (red), median (blue), and 3rd quartile (green) yield 73 
gain probability with latitude and longitude. Non-cropping region indicated both the regions without 74 
sunflower cropped and the regions where climate data was unavailable.75 



S3 (g) Probability of yield gain from CA in current scenario – wheat 76 

 77 

Probability of yield gain with CA for wheat under current (a) and future (b) climate conditions. Those 78 
regions with the probability of yield gain lower than 0.5 were highlighted in red (and green shades when 79 
the probability was higher). The results are based on the mean climate condition in 2011-2020 (current) 80 
and 2051-2060 (future) from the Ipsl-cm5a-lr climate model and the RCP 4.5 scenario. The side plots 81 
show the variations of 1st quartile (red), median (blue), and 3rd quartile (green) yield gain probability 82 
with latitude and longitude. Non-cropping region indicated both the regions without wheat cropped and 83 
the regions where climate data was unavailable.84 



S4 (a) Difference of probability of yield gain from CA in future vs current scenario – barley 85 

 86 

The change of probability of yield gain with CA for barley in future climate conditions, regions with a decreasing trend are depicted in red, while those with an 87 
increase in yield gain probability are depicted in green.  The results are based on the mean climate condition in 2011-2020 (current) and 2051-2060 (future) 88 
from Ipsl-cm5a-lr climate model and RCP 4.5 scenario. The side plots showed the variations of 1st quartile (red), median (blue), and 3rd quartile (green) change 89 
on the probability of yield gain with latitude and longitude. Non-cropping region indicated both the regions without barley cropped and the regions with 90 
unavailable climatic data.91 



S4 (b) Difference of probability of yield gain from CA in future vs current scenario – cotton 92 

 93 

The change of probability of yield gain with CA for cotton in future climate conditions, regions with a decreasing trend are depicted in red, while those with an 94 
increase in yield gain probability are depicted in green.  The results are based on the mean climate condition in 2011-2020 (current) and 2051-2060 (future) 95 
from Ipsl-cm5a-lr climate model and RCP 4.5 scenario. The side plots showed the variations of 1st quartile (red), median (blue), and 3rd quartile (green) change 96 
on the probability of yield gain with latitude and longitude. Non-cropping region indicated both the regions without cotton cropped and the regions with 97 
unavailable climatic data.98 



S4 (c) Difference of probability of yield gain from CA in future vs current scenario – rice 99 

 100 

The change of probability of yield gain with CA for rice in future climate conditions, regions with a decreasing trend are depicted in red, while those with an 101 
increase in yield gain probability are depicted in green.  The results are based on the mean climate condition in 2011-2020 (current) and 2051-2060 (future) 102 
from Ipsl-cm5a-lr climate model and RCP 4.5 scenario. The side plots showed the variations of 1st quartile (red), median (blue), and 3rd quartile (green) change 103 
on the probability of yield gain with latitude and longitude. Non-cropping region indicated both the regions without rice cropped and the regions with unavailable 104 
climatic data.105 



S4 (d) Difference of probability of yield gain from CA in future vs current scenario – sorghum 106 

 107 

The change of probability of yield gain with CA for sorghum in future climate conditions, regions with a decreasing trend are depicted in red, while those with 108 
an increase in yield gain probability are depicted in green. The results are based on the mean climate condition in 2011-2020 (current) and 2051-2060 (future) 109 
from Ipsl-cm5a-lr climate model and RCP 4.5 scenario. The side plots showed the variations of 1st quartile (red), median (blue), and 3rd quartile (green) change 110 
on the probability of yield gain with latitude and longitude. Non-cropping region indicated both the regions without sorghum cropped and the regions with 111 
unavailable climatic data.112 



S4 (e) Difference of probability of yield gain from CA in future vs current scenario – soybean 113 

 114 

The change of probability of yield gain with CA for soybean in future climate conditions, regions with a decreasing trend are depicted in red, while those with 115 
an increase in yield gain probability are depicted in green.  The results are based on the mean climate condition in 2011-2020 (current) and 2051-2060 (future) 116 
from Ipsl-cm5a-lr climate model and RCP 4.5 scenario. The side plots showed the variations of 1st quartile (red), median (blue), and 3rd quartile (green) change 117 
on the probability of yield gain with latitude and longitude. Non-cropping region indicated both the regions without soybean cropped and the regions with 118 
unavailable climatic data.119 



S4 (f) Difference of probability of yield gain from CA in future vs current scenario – sunflower 120 

 121 

The change of probability of yield gain with CA for sunflower in future climate conditions, regions with a decreasing trend are depicted in red, while those with 122 
an increase in yield gain probability are depicted in green.  The results are based on the mean climate condition in 2011-2020 (current) and 2051-2060 (future) 123 
from Ipsl-cm5a-lr climate model and RCP 4.5 scenario. The side plots showed the variations of 1st quartile (red), median (blue), and 3rd quartile (green) change 124 
on the probability of yield gain with latitude and longitude. Non-cropping region indicated both the regions without sunflower cropped and the regions with 125 
unavailable climatic data.126 



S4 (g) Difference of probability of yield gain from CA in future vs current scenario – wheat 127 

 128 

The change of probability of yield gain with CA for wheat in future climate conditions, regions with a decreasing trend are depicted in red, while those with 129 
an increase in yield gain probability are depicted in green.  The results are based on the mean climate condition in 2011-2020 (current) and 2051-2060 (future) 130 
from Ipsl-cm5a-lr climate model and RCP 4.5 scenario. The side plots showed the variations of 1st quartile (red), median (blue), and 3rd quartile (green) 131 
change on the probability of yield gain with latitude and longitude. Non-cropping region indicated both the regions without wheat cropped and the regions 132 
with unavailable climatic data.133 



S5 Crop density 134 

 135 

 136 

Crop mask 3 of the eight studied crops. The unit for the color bar is [ha/grid cell], too make the plot 137 
more contrast, the maximum crop density showed in the color bar (marked as yellow) is reduced to one 138 
fifth of the real maximum crop density, thus the region with color yellow indicates the crop density 139 
there is in the range of the maximum value of color bar and 5 times this maximum value. 140 



S6 The accumulated fraction of the cropping area in different level of change on the probability of yield gain from CA under different crops, climate models 141 
and RCP scenarios. 142 

 143 

The accumulated fraction of the cropping area in different level of change on the probability of yield gain from CA (with F, WDPT = 1) under different crops, 144 
climate models and RCP scenarios. The results are based on the mean climate data in different RCP scenarios (RCP2.6, RCP 4.5, RCP 6.0, RCP8.5) in Ipsl-145 
cm5a-lr model, and RCP 4.5 scenario in different climate models (Ipsl-cm5a-lr, Gfdl-esm2m, Hadgem2-es, Miroc5) for both current (2021-2020) and future 146 
(2051-2060) scenarios.  147 



S7 Flow chart of data collection 148 

  149 

Paper excluded (n= 344) 

Reasons for exclusion 

• Papers without yield data for 

CA/NT and/or CT  

• Papers only provide mean yield 

data instead of the yield data for 

each year or each location 

Literature search was done in 

February 2020 based on the keywords 

‘Conservation agriculture / No-till / 

No tillage/ Zero tillage’ & ‘Yield / Yield 

change’ in the websites 

‘ScienceDirect’ and ‘Web of science’  

Paper screened according to 

data availability in external 

databases 

(n = 555) 

Paper excluded (n = 133) 

Reasons for exclusion 

• No such crops in the crop calendar 
database 

• Crops without enough data 

• For the recorded location and 
experiment year, climatic information 
and/or soil type not available in the 
external database  
 

 

 

Paper screened according 

to yield data availability 

(n = 1012) 

Papers excluded (n = 113) 

Reasons for exclusion 

• Without precise experiment year  

• Without precise experiment 
location 

• Without providing any of the 
agricultural practice information 
related to fertilizer, pesticide, 
herbicide utilization, crop rotation 
and residue management  

 

 

 

Studies included in our 

dataset 

(n = 422) 

Paper screened at the full-

text level 

(n = 668) 

 

Additional papers 

identified through meta-

analyses 

(n = 682) 

Papers after duplicates removed 

(n = 1012) 

Papers identified 

through literature 

search 

(n =   423) 



S8 Distributions of experiment site for each crop 150 

 151 



S9 Model cross-validation – leave one out cross validation (LOOCV) 152 

 153 

One yield ratio (and its associated set of inputs) was removed from the dataset at each iteration of the LOOCV, and the rest of the dataset was used to train 154 

the random forest model. The trained model was then used to compute the probability of yield gain from the input data of the removed yield ratio. This 155 

procedure was repeated for all yield ratios.  The R packages “randomForest” was used, which is a standard package for implementing ensemble of regression 156 

trees and is very robust 6, while ‘ranger’ is faster. The yield gain probabilities computed were used to compute the Area under the ROC curve (AUC) with the 157 

R package “pROC”. AUC is equal to the probability that the classifier (here the output of the random forest algorithm) will rank a random pair of positive 158 

(ratio>1) and negative (ratio<1) cases correctly 7, so a higher AUC means a better model classification performance. Here we see that AUC of “randomForest” 159 

is 78.2%, which indicates that the probability that random forest model can classify a pair of observed “yield gain” and “yield loss” correctly is 78.2%. 160 



S10 Relative importance ranking of the model inputs. The importance was defined by the mean decrease of Gini impurity in random forest model  161 

162 



S11 Flow chart of the calculation procedure to make 2D partial dependence plot of PB and Tave 163 

S11 Flow chart of the process to making the two-dimensional partial dependence plot164 
Define 200 equally spaced interval between the low and up bounds of x1 (PB) and x2 (Tave) 

x1 (level 1, level 2, level 3, …, level 200) 

x2 (level 1, level 2, level 3, …, level 200) 

Combine each pair of values of x1 and x2 with all existing combinations of inputs (x3 to 

x8 indicates Tmax; Tmin; fieldfertilization, weed and pest control, and irrigation; soil 

type; x9 is crop rotation, x10 is residue, x11 is crop type)  

For each crop (e.g. x11 = barley) 

For i = 1: 200  

For j = 1: 200 

x1 (level i), x2(level j), (x3(1), …, x8 (1), x9(rotated), x10(residue retained)) 

x1 (level i), x2(level j), (x3(2), …, x8 (1), x9(rotated), x10(residue retained)) 

… 

x1 (level i), x2(level j), (x3(n), …, x8 (n), x9(rotated), x10(residue retained)) 

end 

end 

 

 

 

 

 

Fitted Model 

Compute the prediction for all input combinations and average the results for each pair 

of values of x1 and x2 

Y (1, 1) = mean of all the predictions with (x1 = level 1) & (x2 = level 1) 

Y (1, 2) = mean of all the predictions with (x1 = level 1) & (x2 = level 2) 

… 

Y (200, 200) = mean of all the predictions with (x1 = level 200) & (x2 = level 200) 

 

 Plot Y as the function of x1, x2 (2D plot) then plot the original 

values of x1, x2 on the axes (tick marks) 



Here, x1 and x2 represented precipitation balance (PB) and temperature average (Tave). The ranges of 165 
PB and Tave values were divided into approximately 200 values and the probability of yield gain 166 
resulting from CA (NT with crop rotation and residue retention) vs. CT system was calculated using 167 
the random forest model for all combinations of the other input variables included in the data set. The 168 
resulting probabilities were then averaged for each combination of PB and Tave, and the average results 169 
were plotted in a two-dimensional plot. A separate partial dependence plot was drawn for each crop 170 
species. The partial dependence here reported an overall response of the probability of yield gain from 171 
CA vs. CT system towards PB and Tave.172 
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