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1. Information of the crop production in China 

 

Table S1 and Figure S1 show the detailed crop production in China in 2012 (ref. 1). 

 

 

Table S1. The rice and wheat production in China and the 4 regions studied.  

 

 

Production 
Rice  Wheat  

(10 Gg) (%) (10 Gg) (%) 

China 30057.0 100 24270.4 100 

1-NCP 845.6 2.8 11312.9 46.6 

2-YRD 4479.5 14.9 4495.4 18.5 

3-CEC 6102.5 20.3 1054.0 4.3 

  4-SCB 2007.9 6.7 1259.3 5.2 

Four regions 13435.4 44.7 18121.6 74.7 
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Figure S1. The distributions of rice and wheat production areas in China. The outlines 

with numbers represent the high AOD regions shown in Fig. 1. (1-NCP; 2-YRD; 

3-CEC; 4-SCB). It shows that regions 1, 2, and 4 are the important wheat production 

areas, while regions 2, 3, and 4 are the important rice production areas. The map was 

generated by the IDL software version IDL 8.1 (Exelis, USA), http://www.exelisvis.com/. 
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Table S2. The rice and wheat production in the 4 studied regions. 

   

Region 
Harvest-time Production (10 Gg) Delta (%) Delta (10 Gg) 

Rice Wheat Rice Wheat Rice Wheat Rice Wheat 

Hebei Oct Aug 83.0 2396.1 3.4 4.4 2.8 104.5 

Henan Jul Jun 638.0 5323.3 5.8 10.2 37.0 543.9 

Shandong Jun May 124.5 3593.5 8.1 13.8 10.1 497.5 

1-NCP   845.6 11312.9 5.9 10.1 50.0  1146.0  

Jiangsu Jul May 2248.6 2112.4 7.6 17.2 171.4 363.1 

Anhui Jul Jun 2230.8 2383.0 4.9 10.0 109.6 239.4 

2-YRD   4479.5 4495.4 6.3 13.4 281.0  602.5  

Hubei Jul May 2036.2 1013.6 3.5 11.3 71.9 114.9 

Hunan Jul May 4066.3 40.4 2.4 9.0 97.5 3.6 

3-CEC   6102.5 1054.0 2.8 11.2 169.4  118.5  

4-SCB Jul May 2007.9 1259.3 4.4 13.7 87.5 172.5 
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Table S3 The statistical results of seasonal solar radiance reduction (%) in each region. 

 

Region Winter Spring Summer Autumn 

Minimum solar radiance reduction (%) 

1-NCP 0.0  0.5  0.1  2.0  

2-YRD 8.8  3.1  0.1  3.9  

3-CEC 5.1  1.3  0.0  1.6  

4-SCB 5.8  1.9  0.1  2.0  

Mean solar radiance reduction (%) 

1-NCP 16.4  8.3  6.5  11.6  

2-YRD 20.3  10.5  6.2  13.3  

3-CEC 15.4  6.5  2.4  7.8  

4-SCB 22.0  8.4  4.4  9.3  

Maximum solar radiance reduction (%) 

1-NCP 49.0  22.9  17.7  32.0  

2-YRD 35.1  18.3  14.4  20.7  

3-CEC 27.8  14.9  8.9  15.8  

4-SCB 34.8  16.9  10.6  17.9  

First quartile (Q1) of solar radiance reduction (%) 

1-NCP 11.0  5.1  4.5  7.2  

2-YRD 17.9  9.7  4.1  12.6  

3-CEC 11.3  3.6  0.9  5.1  

4-SCB 16.6  6.6  2.4  6.3  

Third quartile (Q3) of solar radiance reduction (%) 

1-NCP 21.4  11.2  8.7  15.5  

2-YRD 23.5  12.3  7.8  15.1  

3-CEC 19.4  8.8  3.7  10.0  

4-SCB 29.2  10.5  6.3  12.4  
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2. Relationship between crop production and solar radiation 

 

 

Table S4. Reduction of the rice and wheat net yields corresponding to the changes of 

solar radiation at the surface. The data are extracted from Chameides et al. (ref. 2), 

based on several in-situ field measurements
3-7

.   

 

The percent of 

Observed irradiance 

(UV) change (%) 

Crop yield change (%) 

Rice Wheat 

0 0 0 

-5 -3.75 -5.25 

-10 -7.5 -10.5 

-15 -11.25 -15.75 

-20 -15.0 -21.0 

-25 -18.75 -26.25 

-30 -22.5 -31.5 

 

2.1 Uncertainties of diffuse radiation on the estimate of crop production.   

 

The aerosol particles have two important effects on the surface solar radiation. First, 

aerosol particles reduce the total photo-synthetically active radiation (PAR) on the 

surface. Second, aerosol particles partially change direct solar radiation to diffuse 

solar radiation. According to the previous studies
8,9

, the diffuse solar radiation has 

important impacts on photosynthesis. The fraction of diffuse solar radiation tends to 

increase photosynthesis compared to the direct solar radiation. However, there are 

large uncertainties in estimating the balance between the reduction of total PAR and 

the increase of PAR due to the diffuse fraction, which lead to uncertainties in 

estimating crop production. In this study, uncertainties of the solar effects with 

different diffuse solar radiation for crop production were estimated. The ratios (R= 

DI/DU) between direct and diffuse solar radiation were measured in different regions 

of the world, ranging from 2.5 to 7.0 (ref. 9). Where DI and DU represent direct and 

diffuse solar radiation, respectively. In this estimate, R=2.5, 5.0 and 7.0 represent high, 
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moderate, and low diffuse solar radiation. In Table S4, the relationship between solar 

radiation and crop production was measured in the US crop field, which was 

consistent to the low diffuse case (R=7). For the moderate (R=5) and high (R=2.5) 

diffuse cases, we first calculate the fraction of diffuse radiation, using the different 

ratios of R. Then the higher yield of crop production from diffuse radiation than direct 

radiation was estimated according to the study of Mercado et al. (Fig. 1a of ref. 8). 

Their study suggested that diffuse radiation had higher production rate of gross 

primary productivity (GPP) than direct radiation, which was applied in the estimate 

for the crop production. The higher potions of the diffuse radiation for the crop 

production were calculated with the moderate (R=5) and high (R=2.5) diffuse cases 

than the base case (low diffuse radiation; R=7). Table S5 shows the aerosol effects on 

the crop production with the different diffuse cases. This uncertainty study shows that 

the diffuse radiation could have important impacts for the estimate of crop reduction 

due to aerosol particles. For example, in the most rice production region (CEC), the 

estimated reduction of rice varied from 2.8% (low diffuse case) to 0.7% (high diffuse 

case), indicating that the diffuse solar radiation tended to increase crop production. 

Overall, the estimated rice reductions were 2.0, 1.4, and 1.0% under the low, 

moderate, and high diffuse radiation cases, respectively. The estimated wheat 

reductions were 8.4, 5.8, and 4.5% under the low, moderate, and high diffuse radiation 

cases, respectively. 
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Table S5. Estimate of the reduction (%) of rice and wheat, with different diffuse solar 

radiation in different regions. 

 

Regions 
Production (10 Gg) Reduction (%) 

Rice Wheat Rice Wheat 

   R=7 (L) 

1-NCP 845.6 11312.9 5.9% 10.1% 

2-YRD 4479.5 4495.4 6.3% 13.4% 

3-CEC 6102.5 1054.0 2.8% 11.2% 

4-SCB 2007.9 1259.3 4.4% 13.7% 

Region 13435.4  18121.6  4.4% 11.3% 

China 30057.0  24270.4  2.0% 8.4% 

   R=5 (M) 

1-NCP 845.6 11312.9 4.8% 6.6% 

2-YRD 4479.5 4495.4 5.1% 10.0% 

3-CEC 6102.5 1054.0 1.6% 7.7% 

4-SCB 2007.9 1259.3 3.2% 10.3% 

Region 13435.4  18121.6  3.2% 7.8% 

China 30057.0  24270.4  1.4% 5.8% 

   R=2.5 (H) 

1-NCP 845.6 11312.9 2.7% 5.4% 

2-YRD 4479.5 4495.4 4.3% 7.5% 

3-CEC 6102.5 1054.0 0.7% 5.2% 

4-SCB 2007.9 1259.3 2.3% 7.9% 

Region 13435.4  18121.6  2.3% 6.1% 

China 30057.0  24270.4  1.0% 4.5% 

 

2.2 Uncertainties of cloud cover for the estimate of crop production.   

 

Our based calculation assumes that the calculated solar reduction due to aerosol was 

under clear-sky condition. However, there were thick cloud covers in fraction of time. 

Under thick cloud cover conditions, the calculated changes of solar radiation due to 

aerosol particles were overestimated. The uncertainties due to cloud cover should be 

estimated. Under thick cloud cover condition, the solar reduction was estimated by 

ΔY=ΔX × (1.0- f(cloud)). Where ΔX and ΔY represent the reduction of solar radiation 

under clear sky and under cloudy conditions, respectively, and f(cloud) represents the 

fraction of thick cloud cover. Figure S2 shows the measured probability of thick cloud 

cover in different seasons. In this study, the fraction of thick cloud cover was 
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estimated based on the level-3 MODIS data, with daily 1 x 1 degree grid average 

values of atmospheric thick cloud fraction. The thick cloud was defined when cloud top 

was greater than 700 mb. Figure S2 shows that there was a large seasonal variation of 

cloud fraction. Because the harvest seasons of rice and wheat were different, the 

fraction of cloud cover was also different as shown in Table S6. The fraction of thick 

cloud cover ranged from 5.3 to 7.0% and 9.1 to 18.0% for the estimate rice and wheat 

reductions, respectively. As a result, in considering with the cloud fraction, the 

estimated rice reduction decreased to 1.8, 1.3, and 0.9% for the low, moderate, and high 

diffuse radiation, respectively. The estimated wheat reduction decreased to 7.4, 5.1, and 

3.4% for the low, moderate, and high diffuse radiation, respectively. 
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Figure S2. Estimates of thick cloud cover probability in different regions. The 

estimate is based on level-3 MODIS data, with daily 1 x 1 degree grid average values of 

atmospheric thick cloud fraction.  
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Table S6. Estimate of the reduction (%) of rice and wheat, with different diffuse solar 

radiation in different regions, including the cloud condition. 

 

Regions 

Reduction (%) 

Without Cloud 

Cloud Cover 

(%) 

Reduction (%) 

With Cloud 

Rice Wheat Rice Wheat Rice Wheat 

 R=7 (L)   R=7 (L) 

1-NCP 5.9% 10.1% 5.3% 9.1% 5.6% 9.2% 

2-YRD 6.3% 13.4% 7.0% 13.8% 5.8% 11.5% 

3-CEC 2.8% 11.2% 5.6% 18.0% 2.6% 9.2% 

4-SCB 4.4% 13.7% 5.8% 11.0% 4.1% 12.2% 

Region 4.4% 11.3%   4.1% 9.9% 

China 2.0% 8.4%   1.8% 7.4% 

 R=5 (M)   R=5 (M) 

1-NCP 4.8% 6.6% 5.3% 9.1% 4.5% 6.0% 

2-YRD 5.1% 10.0% 7.0% 13.8% 4.8% 8.6% 

3-CEC 1.6% 7.7% 5.6% 18.0% 1.5% 6.3% 

4-SCB 3.2% 10.3% 5.8% 11.0% 3.0% 9.2% 

Region 3.2% 7.8%   3.0% 6.9% 

China 1.4% 5.8%   1.3% 5.1% 

 R=2.5(H)   R=2.5(H) 

1-NCP 2.7% 5.4% 5.3% 9.1% 2.6% 4.9% 

2-YRD 4.3% 7.5% 7.0% 13.8% 4.0% 6.5% 

3-CEC 0.7% 5.2% 5.6% 18.0% 0.7% 4.3% 

4-SCB 2.3% 7.9% 5.8% 11.0% 2.2% 7.0% 

Region 2.3% 6.1%   2.2% 4.5% 

China 1.0% 4.5%   0.9% 3.4% 
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